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SUR L’ADAMANTANE, NOUVEL HYDROCARBURE EXTRAIT 

DU NAPHTE 

par S. LANDA et V. MACHACEK. 

Aux environs de Hodonin, en Moravie, se trouve le plus puissant des 
gisements pistrolif^sres tchecoslovaques. Ainsi que I’a montre le pro- 
fesseur F. Schulz, son naphte est identique k celui puise a Gbely, 
kwalite pas trop <^loignce de Hodonin. Suivant ee ohercheur, ni I’un 
ni I’autre de ces naphtes ne renferme d’essence; comme produit le 
plus volatil, ils fournissent 3% environ d'une fraction jiassant de 150 
A 250®, caracterisee par une odeur de t^r^benthine et distillant deja 
k 100® dans un courant de vapeur d'eau. 

Comme I’a constate, le premier, M. J. M?,ourek, la vapeur d'eau 
k 100® ohasse de ce naphte environ 30% d’un produit volatil. Nous 
avons essayo d’ctablir sa composition. Les reisultats deces essais ont ^t^ 
presentes, par nous deux, en commun avec M. J. Mzourek, au XIF*"*" 
Congres de Ohimie industrielle tenu en septembre 1932 A Prague, sous 
forme d’une communication succincte. 

En vue d ’identifier les divers hydrocarbures du naphte en question, 
nous avons tach4 avant tout, autant que le permettaient nos modestes 
moyens d’investigation, de nous approcher aux points d’^bullition des 
hydrocarbures presumes par des distillations reitiir^es. l^es liquides 
obtenus par ces rectifications grossi^res ont ^t4 ^puis^s ensuite au 
moyen d’acide sulfureux liquide; les extraits snlfureux, de meme que 
les r^sidus, ont 4t4 soumis A de nouvelles rectifications. 

Nous avons pense que la fraction aromatique passant entre 190 
et 196® renfermerait du durene et de I’isodui^ne, dont les points 
de fusion sent assez 41evAs, ce qui permettrait de les separer par 
refroidissement modere. Toutefois, il a fallu descendre plus has que 
20® au-dessouB de zSro pour voir apparaitre les premiers cristaux. Pour 
completer la cristallisation, nous avons pouss^ le froid jusqu’k 80® 
an-des80U8 de z6ro, puis essorS le melange r^actionnel. Le produit 
oristallis^ poss^ait une odeur p6nAtrante, plus forte que celle du li- 
quide gAndrateur, alors que le filtrat dtait presque inodore. 
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(Je qui HOUR a suitout frapp4, c’est le grand ^lat de nos cristaux. 
L examen a la loupe nous a montre qu’il s’agit de cristaux pr6sentant 
une sym^trie considerable et qui paraissaient appartenir au moins au 
systfeme tetragonal. M. U 11 r i c h, agregtS de FUniversit^ Charles k Prague, 
eut Famabilite de les etudier de plus pres et constata ce qui suit: 
Ijes cristaux sont isometriques, d’un diametre allant de 0*2 a 0*4 mm; 
le plus souvent ils sont limits idiomorphiquement. Observes au mi- 
croscope de polarisation, a la lumi^^re ordinaire, ils pr^sentent des 
sections triangulaires et quadratiques. Examines de plus prfes, ils se 
revelent etre des octacdres (1, 1, 1) dont les coins sont souvent tron- 
qu6s par de petites facettes d’un cube {1, 0, 0). Les cristaux sont 
incolores, mais contiennent rt'^gulierement une proportion notable 
d’inclusions liquides et meme gazeuses. Entre nicols croiaia ila ae 
montrent parfaitement isotropes, 

Le fait que nos cristaux appartiennent au systeme cubique est, a 
notre avis, d’une importance capitale, car parmi plus d’un demi-million 
de composes organiques on n’en trouveque quelques-uns qui prdsentent 
dans leur moldcule une symdtrie aussi parfaite qu’ils se sdparent en 
cristaux cubiques. 

La constatation que les cristaux de notre hydrocarbure appartien- 
nent au systeme cubique a apportd une simplification considerable 
aux recherches visant a Fetablissement de la constitution du corps. 
En effet, des considerations d’ordre stereochimique nous out enseigne 
qu'on ne saurait etro en presence que d’un seul hydrocarbure compa- 
tible avec cette foime cristallisee, et qui est le tricyclodecane inconnu 
jusqiF^ present. Seul cet hydrocarbure offre une parfaite symdtrie 
de ses atomes de carbone telle que la reprdsentent Fimage suivante: 
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La supposition qu’il s’agit ici de Thydrocarbure pr^sentant la struc- 
ture ci-dessus est corrobor<fe par la d<5termination du poids molc^u- 
laire. Pour determiner ce dernier, nous avons d'abord essaye d’ern- 
ployer la methode de East, mais sans succes, car Thydrocarbuitj est 
teilement volatil qu’il se sublime meme dans ses solutions camphrees. 

C^est pourquoi nous nous sommes adresses k la modification Beck- 
mann de la methode cryoscopique de Raoult: 

Benz^^ne (solvant) iH Ogrr. 

Hj^drocarbure etudie 0*4728 r/r. 

Depression 1*672‘\ 

Poids moltkmlaire trouve 135, 4. 

Poids moleculaire calcule pour 130, J. 

Ij'analysc ^l^mentaire confirme, elle aussi, la fornuile 

Substance: 0 0898 gr, CO^ 0-2912 gr, 0-0931 gr. 

(.alcule 88-15%, H 11*85%. 

Trouve C 88-45%, H 11-59%. 

Ce qui milite on faveur de la structure signalee plus haut e'est 
quo son modcle siereochimique ne presente pas la moindi(^ tension, 
comme le montre d’ailleurs sa chaleur de combustion: 

Substance: 0-1060 gr. 
filevatiun de tempi^rature 0-758*V 
Valeur cn eau du calorimetre 3307 cal. 

Chaleur de combustion a Aoluine constant pour 1 gr: 10-000 (jal. 

Chaleur de combustion mol^cxilairc 1.451-7 cal. 

Ajoutonsque I’etude du roentgenogramme execut(^ d'a])rcs le 7)roced^ 
Debay-Scherer par M. Ullrich, etablit 6galement que Ics cristaux 
appartiennent au systeme cubiquo et que Thydrocarbure presente 
deux sortes de liaison des atomes de car bone. 

C’est seulement apres que M. Ullrich aura dresse le diagramme 
Laue sur des cristaux de dimensions suffisantes (dent Tobtention 
nous a d’abord presente certaines difficultes), qu’il sera possible 
d’6tablir exactement la position des atomes dans la molecule, ainsi 
que le nombre des molecules dans P^l^ment cristallin. 

Quant it la preuve purement chimique de la constitution de notre 
hydrocarbure, nous tS/cherons de la donner par sa synthese. Ainsi que 
Parrangement atomique dans sa molecule le fait presiimer, notre hydro- 
carbure est caract4ris^ par uno stability extraordinaire. Aussi n’est-il 
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point })robable qii’on puisse fournir la dite preuve par oxydation. 
L'aiTangenient des atomes de carbone que nous attribuons a notr© 
hydrocarbure etant identique celui des atomes de carbone du dia- 
mant, nous lui donnons le nom d adarnantane. 



Kig. 2. 


Nous avons constate Ja prt^sence de I’adamantane non seu lenient 
dans Textrait obteiui au inoyen de I’acide sulfureux liquide, done dans 
la portion ,,aroniatique“ du naphte initial, mais surtout dans les 
fra(?tions non solubles dans le dit liquide. Les fractions qui avaient 
une forte odeur terpenique devenaient presque inodores ajnes F^li- 
mination de I’adamantane. L’odeur de ce dernier rappelle & la fois 
celle dll oamphre et cello d© ressence de terebenthine. 

Nous nous sommes assures que e’est Tadaniantane le veritable por- 
tear de l odeur agr^able caract6risant le naphte de Hodonin et de 
Odiely. 

II se distingue par une tres forte refringence. Tj’indice de refraction, 
determine par M. Ullrich au nioyen de la m6thodc d’immersion en 
solution dans un melange d essence d'anis et d’essence de cannelle 
a He trouve 1*5(38 f 0*003 a la lumiere sodique. 

La densite est de 1*07 environ. Le corps se sublime ais<5ment sans 
subir la moindre decomposition memo en op<5rant avec une flamme 
ties aigue du ehalumeau. II se depose sur les endroits froids du tube 


d’essai sous forme de menus octa&dres. 11 resiste 4 1’action des rayons A’ . 
Ni le melange chromique ni le permanganate on solution alcaline, 
ni encore une Ebullition prolongeo de plusieurs heures, avec I'acide 
azotique concentre ne I’attaquent point. Par centre, I’acide sulfurique 
concentre produit line carbonisation. 

Le point de fusion de rhydrocarbure, dEtermine on tube cajullaire 
scelle, est tres net. II est situE a 2fi8®. En tixbe ouver't, il y a naturclle- 
raent sublimation complEte. / 

L’adaraantane peut etre consideiE comme la suLstanee mere tl’niie 
nouvelle famille tricyclodEcanique. 

De meme que le naphtalene est solide ct son homiologue uiethyle 
est liquide, les dErivEs alcoylEs de I’adamantane pourraiujit coustituer 
des liquides visqueux entrant dans la constitution des huilets minerales. 

Les poids spEcifiques ElevEs des huiles extraites du naphte vde Hodo- 
nin, leurs points d’inflammation pen ElevEs ct la grande stabElite des 
fractions lourdes parlcnt Egalement en faveur de cette hyjxotheMe. 

Nous pensons qu’il sera dosormais possible d’extraire radaraantfqne 
d’autres pEtroles naturels. > 

Institut des comfmsiibks d rfJade Folylec/iniqite 
tchkyw de Prmfue (Tehecoslovaquie) . 



AN APPAlllATlJS FOK AUTOMATIC REOISTRATION 
OF I>EHYDR'a\TION WITH INCIIEASING TEMPERATURE 

by S. SKRAMOVSK'T.*) 

Watfisr ill (v/rystalliiic hydrates can be of two kinds: water of hy- 
dration (er\ stal water) or water of constitution. Tn chemical compounds 
often bothi kinds are found (aquo compounds, hydrates of hydroxides, 
etc.) auid it is generally difficult to decide to which kind the water 
presernt belongs. When the element in question is capable of forming 
complexes, or gives soluble compounds, it is possible to derive reliably 
t^ie function of the water as well as the number of its molecules from 
analogy or from the coordination number and the behaviour in 
relation to dissociation, However, this task is much more difficult 
with substances which are insoluble or which undergo hydrolysis. Here 
one of the means of diacriminating between water molecules of dif- 
ferent function is their behaviour in a dehydrating medium, in drying 
the substance either at room tt^mperature above sulphuric acid or at 
a higher temperature. Although the second method has been applied 
to many comj)ound8, it only rarely gives unambiguous results. The 
substance is dried generally at a convstant temperature in the neigh- 
bourhood of (.!. It would be risky to suppose that only the water 
remaining at this temperature in the form of lower hydrates is water 
of constitution. If, for instance, bismuth oxalate retains at 100® C 
twx> molecules, and at 130® C one molecule of water, how many 
molecules are to be considered as coordinated ? It can not be assumed 
also that a given tcunperature, say 100® C, will be for all analogous 
compounds the limit, at which only the molecules of water of hydration 
are given off without any loss of water of constitution. 

Better results are attained by drying at increasing temperature. 
A definite hydrate is stable up to a certain temperature where its 
decomposition begins; similarly also compounds containing water of 

’*') PublisluMl ill (‘xcch in No. 20 of the *^Chc7nickd JListy^^ 1932, celebrating 
Prof, M Volocck’s sixtieth birthday, p. 521. 
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constitution are characterized by a certain temperature interval within 
which they are stable. Following up the decrease in weight as a 
function of uniformly increasing temperature a distinct halt appears 
on the graph indicating the existence of individual hydrates, or enabl- 
ing us to distinguish crystal water from water of constitution which 
is held more strongly. 

Proceeding from this supposition M. Guichard^) studied the de- 
hydration of sodium phosphate and aluminium hydroxide with increas- 
ing temperature by weighing the substance contained in a drying oven 
by means of a hydrostatic balance the deflection of which was com- 
pensated by adding a certain volume of oil from a burette connected 
to a vessel filled with oil into which a hydrostatic float was immersed. 
During an investigation of the hydrates of bismuth oxalate the present 
author, having to solve the problem of assigning the proper function 
to different water molecules, constructed an apparatus based on 
Guichard’s idea, but improved so far that the decrease of weight 
on drying with increasing temperature is registered automatically. 
The graphs obtained with this apparatus arc very characteristic and 
free from errors of observation which otherwise may arise through 
vibration of the balance beam, especially at higher temperatures, 
when the deflection is observed or compensated directly. 

The apparatus*) consists of a regulable electric drying oven, the 
temperature of which can attain 180® 0. A weighed*^ amount of the 
substance is lying in the drying oven on a dish susjiended on a long 
thread passing through the cover of the drying oven and the balance 
case to a hook on the left arm of an analytical balance. To the middle 
of the beam a minor is attached reflecting the image of a lighted slit 
into a rotating dnim with sensitive photographic paper. The motion 
of the drum is transmitted by a gear to the regulator of the elecjtric 
drying oven the temperature of which is thus increased regularly with 
time, when the drum rotates. Tlie drum is revolved by an electric 
motor one rotation being performed according to need in a time of 
50 minutes to 6 hours. The loss of weight is compensated by buoyancy 
of a hydrostatic float in paraffin oil (a glass rod of a definite diameter 
suspended from the right balance arm). As the viscosity of the oil 
alone was insufficient to damp the vibration of the beam, a circular 
brass plate was attached to the glass rod below the oil level which 
reduced the vibration of the beam to a minimum. When the apparatus 

*) Manufactured by Dr. V. and J. Nejedl^, Praha -Vokovico, Riisova 76. 
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is in action, the loss of water is compensated by oil, the deflection 
of the beam increasing steadily, whereby the beam of light reflected 
by the mirror draws on the photographic paper a graph describing 
the progress of dehydration with increasing temperature. The tem- 
perature is registered automatically during the dehydration piwess 



Fig. 1. 


by means of a mercury thermometer, platinum contacts distributed 
aiong the whole length of the capillary switching on at regular intervals 
an electric lamp copying into the graph the image of a vertical slit. 
The sensitivity of the balance is normally 1 mg, the deflection of the 
light beam 10 cms at a load of 0-2 gr. The amount of substance taken 
for the experiment should be such, that 1 or 2 cms correspond to 
1 molecule of water. The whole apparatus works automatically without 
supervision and the curves are the more characteristic the longer is 
the time of dehydration. 
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As an example of the application of this apparatus, which was 
tested on a series of known compounds as well as on the newly studied 
hydrates of bismuth oxalate, a graph is api)ended showing the de* 
hydration of the pentahydrate of cupric sulphate, (^uj)ric sulphate 



forms a j)enta-, a tri- and a monohydrate, as was ascertained by 
A-ray speotrometry, besides other methods and all these hydrates 
and the higher temperature limits of their stability are found also on 
the dehydration curve. 


J7ustitute of phnrmacentical and applied 
chemwlry of the Charles' University, 
Prague. 
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ON THE CALCIUM ELECTRODES OF THE THIRD ORDER 

by J. VELISEK and A. VAftlCEK. 


Electrodes of the third order are according to Luther^) metal 
electrodes surrounded with a mixture of two difficultly soluble salts 
(depolarizers) and immersed in an electrode solution saturated with 
both these salts. One of the depolarizers has a cation corresponding 
with the metal of the electrode, the other one a cation common wdth 
the electrolyte of the electrode solution, the anions of the depolarizers 
being the same. Such electrodes were proposed for estimating the 
concentration of the cation of the electrode solution in instances 
where the metal of a first order electrode w ould be attacked by the 
water solution in contact with it, as e. g. calcium, thallium etc. 

Luther himself constructed the calcium electrode 

PbIPbSO,, CaSOJCa(\. 

A lead electrode in form of lead amalgam is covered with a mixture 
of lead and calcium sulphates saturating the electrode solution of 
calcium chloride. The potential, f, of this electrode depends primarily 
on the concentration of lead ions, [Pb'‘ |, in the electrode solution. 
Expressing this concentration in terms of crlcium ion concentration, 
ff.'a"], (from the ratio of the known solubility products of both depo- 
larizers) and inserting into the formula of Nernst, we obtain 

f "^0+ 2 ]. 

where is the hyj)othetical potential of calcium in this electrode. 
Of (H)urse, when measuring the calcium ion concentration of a solution 
(say oiCa(/%). by means of such an electrotie, due regard must be paid 
to the calcium ions arising also from one of the depolarizers {CaSOt) 
which may be neglected only in more concentrated electrode solutions. 
For the same reason a dej)olarizer of the lowest possible solubility is 
chosen. 
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Harnapp®) arrives at a mathematical expression which enables 
him in certain instances to calculate the change of the cation concen- 
tration in the electrode solution from the original cation concentra- 
tion of this solution and the knowm solubility products of both depo- 
larizers. Spencer®) applies (for thallium ions) a constant correction 
by measuring the potential of the electrode containing pure water 
saturated with both depolarizers, without, however, due attention to 
the influence of the first depolarizer (PbSO^) on the solubility of the 
other one. 

Luther^) states the following conditions for the stability and 
reproducibility of his electrode: 1. The first depolarizer (PbSO^) must 
be less soluble than the other one (CaSO^), for otherwise the electrolyte 
of the electrode solution {CaCl^ would react with the first depolarizer, 
the second depolarizer being formed in this reaction. 2. The first 
depolarizer (PbSO^) must be less soluble than the salt composed of 
its cation {PIP) and the anion of the electrode solution (Cr), because 
otherwise this salt {PbCl^) would be formed. 3. The salts present must 
not form mixed crystals or double salts with each other. 4. They must 
not react with each other or with the material of the electrode. 

Luther's electrode fulfils the first three conditions. As to the 
fourth one Luther himself thinks that it does not hold because of 
the change of colour of the depolarizer brought about by reduction 
of lead sulphate to lead sulphide. According to his measurements, 
made for orientation only, the electrode became steady after tw^o days. 

This electrode was studied more fully by Velisek and Svencon.^) 
The ])otentials of the individual electrodes containing the same 
solution and measured against a decinornuil calomel electrode often 
differed considerably and varied irregularly showing, however, no 
systematic change. Besides this the fairly high solubility of calcium 
sulphate as the second depolarizer makes this electrode unsuitable 
for estimating the concentration of calcium ions. 

For measuring this quantity in blood and serum M. ('Orten and 
J. Estermann®) attempted to construct following two types of 
electrodes of the third order: 

I, AgiAg.,C\Ch. CaC\OjCa\ 

II. ZnlZnCfi^^ CaCp^iCa ' . 

The electrode of the first combination was alw ays freshly silvered 
and the authors state that the potentials became steady after only 
a few' minutes. How’^ever, they discard this electrode as unsuitable for 
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|:)hysiological solutions because of the presence of chlorine ions in 
them, silver chloride being then formed. Besides this also the first 
condition of Luther is not satisfied, silver oxalate being more soluble ’ 
than calcium oxalate. The present authors found that using more 
concentrated solutions of calcium chloride the potential of such 
electrodes remains steady within the limits of experimental error only 
within 1 to 2 days after constructing the electrode, the formation of 
silver chloride being slow. 

The second combination was considered as suitable by the mention- 
ed authors, because in calcium chloride solutions the potentials became 
steady and reproducible after half an hour. However, Lg Blanc and 
Harnapp®) who investigated the same type of electrodes in somewhat 
altered form reached results quite contrary to those of dor ten and 
Ester matin. In the first few minutes the potentials were consistent, 
but then systematic variations occurred in all electrodes, which did 
not become stable even after four weeks. 

The present authors tried the electrode 

PhlPKJ/)^, CaOp^lCa 

which fulfils the first two conditions of Imther. Because of the 
existence of two hydrates (mono- and trihydrate) of calcium oxalate 
experiments were made first with a mixture of both hydrates which, 
however, gave unsatisfactory results. Electrodes were then construct- 
ed containing only the monohydrate and the same electrode solution. 
Their potentials were first equal within about two millivolts, but later 
on differences between them grew larger, the mean value for electrodes 
with the same solution falling systematically. This electrode is thus 
also unsuitable for })ractical use. 

A silver electrode cannot be used with a solution of calcium chloride, 
because all silver salts corresponding with the difficultly soluble 
(calcium salts are more soluble than silver chloride. For similar reasons 
also a mercury electrode cannot be used in presence of chlorine ions, 
calomel being formed. Experiments were also made with a silver 
electrode using silver phosphate and calcium phosphate as depolarizers. 
These de])olarizers underwent a change merely in shaking them with 
a calcium chloride solution. In more concentrated solutions (0*1-, 
0*05- and 0*02-normal) of calcium chloride the originally yellow colour 
of the mixture of phosphates turned grey-violet, whereas in more dilute 
solutions (0*01-, 0*005-, 0*002-, 0*001-normal) and in water saturated 
with both depolarizers the colour of the precipitate remained yellow. 
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At the lower concentrations mentioned, both types of the silver 
electrodes, containing either a mixture of oxalates or that of phosphates 
as depolarizers, show practically the same potential as the corres- 
ponding electrodes with pure water saturated with the depolarizers. 
This is explained by calcium chloride reacting with the silver salt thus: 

CaCk + bad/), f- 2 AgCl 

3 CaCk + 2 AgJH), ^ Ca., (PO,), -f 6 AgCl , 

It remains to mention the experiments on calcium electrodes with 
iodate depolarizers. The first combination of this type fulfilling the 
first two of Luther’s conditions was 

PbIPb ( 103 ) 2 , . 

As electrode solution calcium chloride was used. Lead was used in 
the form of a 2% amalgam. Two or three days after the construction 
of the electrode a distinct formation of a yellow prec;ij)itate of lead 
iodide was observed. The presence of iodine ions was })roved also by a 
qualitative test. It could be expected that the potentials of the electro- 
des will fluctuate considerably and change systematically, which w^as 
confirmed by observing their potential for a few days. 

Similarly also the exi)eriments with a mercury electrode covered 
with mercurous and calcium iodates as depolarizers*) were entirely 
unsuccessful in consequence of the simultaneous use of a mercurous 
salt and a chloride in the electrode solution. 

Besides the combinations mentioned we studied more fully a cal- 
cium electrode of the third order containing mercury as electrode metal 
and corresponding phosphates as depolarizers: 

HgiHg, {PO,),. Ca, {PO^Ca, 

In this instance no reliable data on the solubility of the de|:K)larizers 
were found in literature. Mercuric phosphate w as prepared by precip- 
itating mercuric nitrate (Merck 1). Ap. V. 5) w ith disodium hydrogen 
phosphate in j)resence of nitric acid, and washing it repeatedly wdth 
redistilled water. C^alciurn j)hosphate used was Merck’s sample ,,pu- 
rissimum“, washed also carefully before use with redistilled water. 
As electrode solution calcium nitrate (Riedel-de Haen, crystal, pro 
analysi) was used. The mixture of the depolarizers w^as first carefully 
washed with the electrode solution and then shaken for 24 hours 
with the final solution before constructing the electrodes. 

*) Made in collaboration with K. fivencon. 
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The electrodeK of the form H were measured against a decinormal 
calomel electrode. Both electrodes were connected by an -bridge 
filled with filter paper soaked with a 0*5-normal solution of potassium 
nitrate. It is necessary that the amalgamated platinum wire of the 
electrode bo entirely c^overed with mercury. The potential differences 
were measured by means of a A^-type potentiometer of Leeds and 
Northrup. All electrodes (five for each concentration in the first series, 
four in the second series) were constructed simultaneously and kept 
in an oil thermostat at a tem|)erature of 18'()®(\ 

Table 1 . gives the mean values obtained within an interval of a few 
<lays. The time elapsed (in hours) between the construction of the 
electrodes and the measurement is stated in the second column. 

Table 1. 

Day oi' 

<4(Vtro ^'ciiceritraf ion in grain-c(jnivaU*nt« per litn' Water 
rics 




0*2 

01 

0-02 

0-01 

0005 

0-002 

0-001 


J7.xn. 1931 

() 

0-2350 

0-2240 

0-2088 

0-1999 

0-1978 

0-1872 

0-1864 

0-1816 

18. Xli. 1931 

30 

0-2433 

0-2341 

0-2156 

0-2118 

0-2077 

0-2000 

0-1993 

0-1958 

19, XlI. 1931 

48 

0-2444 

0-2350 

0-2210 

0-2127 

0-2088 

0-2014 

0-2005 

0-1979 

19. XII. 1931 

55 

0-2448 

0-2341 

0-2209 

0-2131 

0-2097 

0-2011 

0-2003 

0-1968 

20. XII. 1931 

71 

0-2452 

0-2354 

0-2211 

0-2134 

0-2090 

0-2017 

0-2011 

0-1971 

21. XTl. 1931 

95 

0-2460 

0-2300 

0-2226 

0-2144 

0-2105 

0-2018 

0-2018 

0-1985 

21. XII. 1931 

103 

0-2463 

0-2370 

0-2222 

0-2138 

0-2097 

0-2018 

0-2013 

0-1985 

22.XIT. 1931 

119 

0-2475 

0-237S 

0-2223 

0-2150 

0-2102 

0-2025 

()-2()19 

0-1985 

22. Xli. 1931 

127 

0-2477 

0-2381 

0-2232 

0-2147 

0-2108 

0-2029 

0-2027 

0-1991 

23. Xn. 1931 

143 

0-2480 

0-2390 

0 2238 

0-2159 

0-2121 

0-2045 

0-2050 

0-2020 

23. XU. 1931 

151 

0-2487 

0-2389 

0-2230 

0-2152 

0-2111 

0-2033 

0-2042 

0-1997 


liable II. contains the results of the calibration of this calcium 
electrode ai^cording t-o Nernst’s formula (for 18®C)): 

f - ^0 i~ 002887 . log [fV], 

for the j)urpose of estimating the value of the hypothetical normal 
potential, calcium in this electrode. The potentials, rc, meastired 
against a decinormal calomel electrode were recalculated for a normal 
hydrogen ek-^^trode (en), according to the formula (for 18®C) 

fr eh — 0'3380 volts.’) 
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Table II. 


Age of 

the fo 

electro- (Concentration in grarn-e(|uivalents per Jitn* 
des 


(niiian 
of the first 
four va- 
lues) 


Solubility 


0-2 0-1 0*02 O-Ol 0-0()5 ()'002 O-OOl 


48 0-6075 0-6057 0-6101 0-6099 0-6143 0-6180 0-6255 0-6083 4: (0-00311) 

+ 0-0021 

55 0-6079 0-6048 0-6100 0-6103 0-6152 0-6177 0-6253 0-6083 4: 0-00285 

+ 0-0025 

71 0-6083 0-6061 0-6102 0-6106 0-6145 0-6183 0-6261 0-6088 4: 0-00280 

+ 0-0021 

95 0-6097 0-6075 0-6117 0-6110 0-6160 0-6184 0-6268 0-6101 ± 0-00282 

± 0-0020 

103 0-6094 0-6077 0-6113 0-6110 0-6152 0-6184 0-6263 0-6099 + 0-00287 

4: 0-0017 

119 0-6106 0-6085 0-6114 0-6122 0-6157 0-6191 0-6269 0-6107 + 0-00269 

4: 0-0016 

127 0-6108 0-6088 0-6123 0-6119 0-6163 0-6195 0-6277 0-6110 4: 0-00276 

+ 0-0016 

143 0-6111 0-6097 0-fU29 0-6131 0-6176 0-6211 0-6300 0-6117 4_ (0-00328) 

± 0-0016 

151 0-6118 0-6096 0-6121 0-6124 0-6166 0-6199 0-6292 0-6115 4: 0-00278 

+ 0-0013 


As is seen from Table If. the values for the i)otential can be 
considered practically constant only for the first four concentrations 
(0-2-, 0*1-, 0*02- and 0-01 -normal). At the remaining concentrations 
(0-005-, 0*002- and 0*001-normal) the absolute values of the hypothetic 
cal calcium potential are increasing continually owing to the solubility 
of calcium phosphate used as depolarizer, the increase of calcium ion 
concentration due to this cause being not negligible at these dilutions. 
The potentials became steady after about 48 hours. For this reason 
jbhe first two measurements (after 6 and 30 hours were not taken into 
account in making the calculation. 

In order to estimate the solubility of calcium phosphate as depo- 
larizer in this electrode w'C may put for r in Nernst’s equation the 
value of the potential measured with pure w^ater saturated with both 
depolarizers, and for the value of the hypothetical calcium potential 
found with the first four concentrations. We can then write 

F r- fo f 0*02887 . log k. 

The values of the solubility, ky calculated from this equation are 
given in the last column but one of Table IT. They are on the whole 
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constant — () 00280 ~ corresponding to a 0*0()3-normal concentration 

of calcium ions. (Two values, marked off by brackets, which are, for 
unknown reasons, much higher, were not taken into account). From 
this it follows that the applicability of this electrode for measuring 
calcium ion concentration is practically limited to solutions of higher 
coiu^entration than 0- 005-normal. In more dilute solutions the measure- 
ments would be considerably inexact, the differences between the 
measured potential growing increasingly smaller with dilution, as is 
seen from Fig. 1 (full curves), the upper half of which gives the depen- 
dence of the measured potential on the logarithm of the ion concen- 
tration, the lower half that of the potential on the logarithm of ‘the 
dilution. 



The \ allies of the potential measured during a period of several 
days increase continually at all concentrations. The potentials did not 
become steady, evidently because the electrodes have not attained 
equilibrium state. The slow^ increase of j)otential with time is apparent 
from Fig. 2. 'J'he full curves in Fig. 1 give the values of potential 
measured 48 hours after construction of the electrodes, the dashed 
ones those measured after 151 hours. The dependence of the hypotheti- 
cal calcium jiotential, calculated from the four highest concentra- 
tions (see the last column of. Table Jl) on time (in hours) elapsed from 
the moment of construction of the electrodes is described in Fig. 3. 

The cause of the continual increase of jjotential of these electrodes 
is to be sought in an inappropriate choice of the depolarizers. The 
tricalcium phosphate is decomposed by water with the formation of 
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calcium hydroxide (see (imelin-Kraut’s Handb, d. amyrg. (>hem, II., 
2, p. 295, Heidelberg 1909). Considering the presence of mercuric 
]>hosphate as the second depolarizer the dependence of the potential 
on time is not surprising. It may be noted in this connection that the 
originally white mixture of both depolarizers turned yellow after a 
few weeks in all stock solutions. Thus also this (*ombination is unsuit- 
able for constructing a calcium electrode of the third order. The 
change in potential fount! in about 100 liours amounts to millivolts. 



It is important to note that the electrodes were kept at constant 
!cmf)eraturc in the thermostat uninterruf>tedly during the w hole time 
of inv'^e.stigation of this st'iies In another .scries of measurements 
where the thermostat was switched off overnight the results were less 
legular, the systematic changes of ])otential being masked (because 
of changes of solubility of the dej)olarizers w ith temperature and slow 
attainment of equilibrium after regaining the original temperature). 
These effects produced a false aj:)pearance of i‘onstancv, as if the 
electrode had became steady and applicable for the end in view . 

As to the applicability of this electrode for determining calcium 
ion concentration in animal ])hy Biological solutions — apart from the 
(to!isiderable solubility of tricalcium phos})hate and the presenc^e of 
phosphate ions in these solutions — it cannot be used for this purpose 
because of the })i-esence of chlorine ions in such solutions, even if due 
account be taken of the dependence of its potential on time. It is 
impossible to calibrate this electrode w ith a cakaurn chloride solution, 
because the mercuric salt used as depolarizer is reduced by mercury 
to mercurous salt, and (calomel is formed in })resence of chlorine ions. 
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With a (jaloiuni chloride solution the conditions are here quite analo- 
gous to those of a silver electrode with phosphates as depolarizers. 

Harnapp^) investigated the comhinationvS 

I. (UnWO^ICa. 

II. Hg Ca(\()JOa' 

and studied the inHucnce of sodium nitrate as indifferent electrolyte 
on the measured potentials, lioth types of electrodes were calibrated 
with calcium nitrate solutions. The value of the potential was changed 
the more, the higher was the concentration of sodium nitrate. Rar- 
na])p explains this by a change of activity. Of both combinations he 
considers the oxalate one as very suitable. He measured this electrode, 
when it became steadv, after lb hours, and states that no appreciable 
change in f)otcntia:l occurred after three days. The following up of 
the }K)t(iitial for a longer time is important, because it allows us to 
look more deeply into the chemical f>rocesses going on within th(‘ 
com[)licatod system of the edeedrode. According to our own experience 
a time of three days is (‘om])aratively short foj* a decision whether the 
electrode has actually become steady, it is also impi'ohahlc' that 
mercurous oxalate would he especially stable in comparison with 
other mercuric or mercurous salts. It is true tluit a little depeTidencc^ 
of the potential on the age of the electrode must not jnevent its 
practical use, for which it suffices, if tlie potential is reproducible 
within a short time after ccnistruction of the cdectrode. As is ap[)arent 
from Rarnap])’s measurements, this requirement is satisfied in his 
electrode. Because of the very low soluhility of calcium oxalate this 
electrode cundd he used ])rofitahly up to concentrations as low as 
O-OPOBmolar and is thus to he ])referred to the phosphate electrode. 

Is it permissible, however, with regard to Luther's second con- 
dition, to use those electrodes i?) solutions containing chlorine ions, 
thus also in ])hysiological solutions, for estimating the concentration 
of calcium ions? This is very doubtful, because as in the electrodes 
with silver as metal silver chloride is fornmd, in the electrodes with 
mercury as metal very probably calomel is formed as the least soluble 
mercury*) salt of all those whicli can occur in combinations proposed 
hitherto for constructing calcium electrodes of the third order. 


*) It IS to he noted that niercuric salts are reduced to mercurous ones 
ill contact with metallic inercurj" of the electrode. 
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From the foregoing discussion it follows that no one of the combi- 
nations, which should serve as calcium electrodes of the third order 
and were investigated by us, is entirely satisfact(wy, ojie or more of 
the fundamental conditions formulated by Luther being not fulfilied. 
These difficulties are not surprising in view of those v\'hich are met 
with even in constructing suitable electrodes of tlio se(;ond order. 
Because the choice and suitability of the de]>olarizers depends consider- 
ably also on the anion of the electrode solution (e. g. in preserujc of 
chlorine ion silver and very ])robahly also mercury' must b(' discarded 
as electrode metals) and the depolarizers contaiiiing heavy metals 
are often unstable (being for instance decomposed hydrolytically), 
there is little hope that a se-sarch in this dire(diotK to find a satisfa(‘.tory 
method for estimating electroinetrically calcium ion concentration in 
solutions, would m(‘ct with success. (\)mplications may arise also 
from the presence of other salts in unknown amounts in the solutions 
investigated, as is seen from (he v\ork of Harnaf)p, this being es- 
})ecially ini] dorian t in th('- study of physiological solutions which gave 
the imfietus to a more active' attention to this subject in the present 
time. 

Hr)i(K JfuriKtry 

Thv seroiu! physical laharatory of the 
i'eskd rysokfi skofa lechvickd, Brao, 
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HIGHER-VALENCY IONS AND THE ACTIVITY. II. THEORETICAL 
DISCUSSION ON THE BASIS OF THE POISSON-BOLTZM ANN 

EQUATION. 

By J. B. CHLOUPHK, VI. Z. BANES anti B. A. DANEisoVA. 


The paper immediately preceding thin one^) contained the experi- 
mental results of our study on the solubility relations of cerium iodat(‘ 
in aqueous solutions of some strong electrolytes, our aim being to 
contribute to the question of sufficiency of the Mer extension” 

(as v\e shall designate the mathematical completion of the original 
Debye-Hiickol theory, due to l^a Mer, (Ironfall and Sandved) 
to explain quantiiatively the anomalous results a])pearing in the cases 
of high-valence electrolytes. This paper deals exclusively with the 
theoretical meaning of our ex[)erimental uork. 

The difficulties involved in the mathematical ti’eatment of the case 
of unsymmetrical electrolytes of the higher valence type are very 
serious. It is only a year ago^) that La Aler and his (jo-workers siu'ced- 
cd in mastering them sufficiently to com})lete satisfactorily the work 
begun in 1928 . It is quite out of question to give here all of their 
necessary deductions in apiwoyuiate form. We shall content ou?sc‘lvc\s 
with the final ex})ressi{ms. 
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Bz* (X) 1* [ 2" ^3* (*) “ 2 y,* (a;)] . 

^3(^)-(iy^f[2 ^Y3(-r)-2y3(*)l; 


The quantities in square brackets were numerically evaluated and 
tabulated.®) Putting in all the constants and converting to Briggsian 
logarithms we obtain the last equation on p. 474 of our preceding 
paper (1. c. 1), here numbered (2): *) 


1-53636 , ’ . - + 0-21740 . 

1 I X 


-log/* 

(•-^1 -Za) 

(lol)3 I 2 I " • 


( l ( 7 » a )3 ■ '*■ ^ 2 ~ " ^■*'^1 ■ 

— 0-15382 • (2i' + ZiZa + Z2)j 2 -Vs (^) — 2 yg (j:) j 


( 2 ) 


These two equations are valid only for binary mixtures, i. e. involv- 
ing the solvent and one solute only, whereas the ternary mixtures 
(ternary in the sense customary in the solubility treatment, not in 
the phase theory meaning), i, e. solvent and two solute salts, necessitate 
an additional term of the equation, this term being a function of the 
ionic concentration of the ‘‘added” salt and of the number of charges 
carried by one ion: 

q - ' V+ (3) 

+ v^i) + «2(»’323 + ” 424 ) 

Here signifies: 

% number of moles of the saturating salt 
^2 j, 3 , ,, ,, added salt 

vi ,, ,, cations of the saturating salt, their valency being 

Vg ,, ,, anions ,,,, ,, ,, ,, ,, ,, Z 2 

^3 ,, ,, cations „ ,, added ,, ,, ,, ,, 

^4 ,, •, anions ,,,, ,, ,, ,, ,, ,, 214 


♦) It is necessary to inorition there that La Mer and co-workers in their 
latest paj>or already referred td inaflvortently omitted the powers of the coef- 
ficients in their equation, which naturally changes the resulting number. In 
their previous paper this equation is written oorrf^tly. The constants mentioned 
are also involved implicitly in the mpiation (1) (the “B” expressions). A typo- 
graphical error occurs also in the last term of their equation (18), 1. c. p. 2283, 
where one should read instead of q^. 
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It follows necessarily: 

v^Zi — v^Zi ^ ; 

and the equation becomes: 




VxZ, 


4-^4 


(4 and 4a) 


2 ^^2 (^) 


— log/, = — 2 , 2,1 1-53636 -4 0-21740 — 

' ]0*a 1 + a: (10»a)2 

- r*(x)] + 0-43480 . ( 2 , + z^-q,) Y,(x) ~ 

-015382 ’y?i[Jw)-2r..(x)]-0153»2 Lv.W 


-2 y 3 (x)j — 0-15382 -[ 2 ( 2 i + z.i)q^ f {z'i ■\- z-^z^ + 2 ^) 
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^<^ 2 ! Y,*{x) -0-30764 • [ 2 ; t 2,23 -j-z^ - q, (5) 


The validity of this expression can l)e tested in various ways. One 
of the best methods consists in determining the solubility changes, 
due to added electrolytes, of an appro])riate difficultly soluble salt. 
La Mer (1. c.) contented himself with the proof that in his case the 
calculated ‘‘a” values are not absurdly low or even negative. We shall 
go farther and endeavour to obtain not only acceptable ionic diameters 
but also values consistent with those given by modern physics on 
the basis of considerations of another nature. 


Discussion of the Numerical results. 

In the following four tables there are given the activity coefficients, 
and the quantities characterizing the solutions in question. The “ex- 
perimentaF’ activity coefficient is defined by the expression: 

~ A>xp. - log SjS,, — log /o ( 6 ) 

The first graph gives the curve of log Sjt^^ as function of the con- 
centration. It shows the characteristic ‘‘hump'’ (La Mer's term). In 
the last column of the table are the activity coefficients calculated 
from the Debye-Huckel equation for the ionic diameter a~ 0 . 
(The first column of each table gives the concentration of the added 
salt, expressed as mols to 55.51 mols H/) ( — 1000 g), the third 
contains the ionic strength ^ \ 

z\ + zi rnz 
2 

and being the stoichiometric concentrations of the ions). 


( 7 ) 
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In the case of very sparingly scalable salts the activity coefficient 
can be determined graphically by extrapolating the curve log 818^ vs. 

y ji 4 . (Diag. 1), In our case, we prefered to follow here the example 
of the authors aforesaid who take for log /o the value calculated from 
the D.-H. simplified equation (a— 0). This circumstance will be 
discussed later on. 



Solubility of CeilO^)^ in KNO^y MgSO^ ami Mg(H^. 

1>. H. L. L. (lonotes tho strai^?ht line of the D^bye-H iickrl limiting law. 

Table 1. 


C'erous uxlate in f)ota^siwui nitrate. 


M 

log NAS'o 

/< 

1'/^ 

log /exp. 

loK /th 

diff. log /exp. 

0 {iip) 


0*0156 

01250 


- 0-1893 

- “ log fth 

0*005 

0*02780 

0*02166 

0*1472 

0-21710 

- 0-2229 

— 0*0058 

0010 

0*04737 

0*0274 

0*1657 

- 0-2367 

- 0-2510 

~ 0*0143 

0*020 

0*08313 

0*0389 

0*1972 

— 0-2724 

— 0-2987 

- 0*0263 

0*060 

0*14497 

0*0718 

0*2680 

-- 0-3343 

— 0-4068 

~ 0*0715 

0*100 

0- 19900 

0*1238 

0*3618 

~ 0*3883 

- 0-.5327 

- 0*1344 

0*200 

0*26565 

0-2282 

0*4778 

-- 0*4450 

— 0-7232 

— ,0*2782 

0*500 

0*36097 

0*5359 

0*7321 

- 0-5503 

— 1-1080 

~ 0*5577 
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Table ll. 


Cerom iodate in potassium sulphate. 


M 

log SjS, 

V 

IV* 

log /i>xp. 

— log /til 

din'. 

0-002 

0-06629 

0-0242 

0-1553 

0-2546 

0-2352 

1 0-0194 

.0-005 

0-13615 

0*0304 

0-1906 

0-3255 

9-2887 

1 0-0308 

0-010 

0-21155 

0-0557 

0-2360 

0-4009 

0-3575 

4 0-0434 

0-020 

0-3067H 

0-0917 

(»-3029 

0-4961 

0-4588 

T 0-0373 

0-050 

0-41750 

0-1909 

(t-4370 

0-6068 

0-0020 

- 0-0552 

O-IOO 

0-51430 

0-401 1 

0-6336 

0-7036 

0-9000 

— (t2504 




Table 

HI. 





Cerom 

1 iodate in M(j SO^. 



M 

log .S' AS’,, 

/' 

I'/' 

log 

Jog fth 

(hff. 

0-002 

0-07451 

0-0200 

0-1630 

0-2638 

0-2470 

^ 0-0109 

0-005 

0-14912 

0-0420 

0-2050 

0-3384 

0-3105 

^ 0-0279 

O-OJO 

0-22644 

0-0063 

0-2575 

0-4157 

0-3902 

f 0-0255 

0-020 

0-31397 

0-1122 

0-3351 

0-5033 

0-5070 

-- 0*0043 

0-050 

0-43314 

0-2424 

0-4926 

0-6224 

0-7400 

- - 0-1230 

0100 

0-54145 

0-4544 

0-6740 

0-7308 

1.0210 

0-2902 




Table 

TV. 





Cerous iodate 

in Mg ( ' 4 . 



M 

log 6 '/aS'„ 

ft 

1'- 

- log A'xii, 

' log fth 

din. 

0-002 

0-03344 

0-02288 

0-1513 

0-2227 

0-2292 

0*0005 

0-005 

0-061 10 

0-0330 

0-1810 

0-2504 

0-2751 

- 0-0247 

0*010 

0-0977 1 

0-0490 

0-2227 

0-2860 

0-3373 

- 0-0513 

0*020 

0-14543 

0-0819 

0-2802 

0-3347 

0-4333 

0-0980 

0-050 

0-23621 

0-1709 

0-4208 

0-4255 

0-0370 

0-2115 

0-100 

0-30968 

0-3319 

0-5700 

0-4990 

0-8723 

0-3733 


The differences between the experimental and calculated activity 
coefficient values are considerable, as could be expected. In the (‘ase 
of potassium nitrate and of magnesium chloride all deviations are 
negative, w^hereas in that of potassium sulphate and of magnesium 
sulphate the reverse is true showing the influence of the 80^' on the 
tervalent cerous cation. One must l>ear in mind that the expression: 

(«) 


log / h ,Zx.z^. hi 
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is valid only in extremely dilute solutions, inasmuch as it neglects the 
ionic diameter (the denominator of the fraction: 


log/ 


- A . 2l . 2g . F/i 

'I +g .a\fi 
approaches zero only in very dilute solutions) 


0-4343 . f* . Zj . Zg 
2D.k.T 


1 + xa 





Fig. 2. 

The values of a lor various a^f in the application of the Dobye-Huckel 
c(juation (3) and a from La ^Mer’s equation for €€{10^)^ in solutions of KNO^, 



Fig. 3. 

^^a]ueH of a for various u© application of Debye-Huckol equation (3) 

and a from La Mei’s equation for in solutions of K^SO^, 
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If we take into consideration the inflneno® of the ionic diameters, 
we must make use simultaneously of the more complicated equation (9) 
instead of (8). This means that all results are changed by a constant 
value. In this point we differ from La Mer’s treatment of the question, 



Fi>{. 4. 

'Values of a for various in the application of Debyo-Hiickol (*quation (3) 
and a from Mer’s equation for Ge{10,j)^ in solutions of MgSO^, 


the author just named neglecting this substantial ditference. We en- 
deavoured to tc^st impartially whether it was possible to obtain ac- 
ceptable results by using solely the “first D.-H. approximation"' (in 
the case of highly charged ions) at this point. We shall not tabulate 



Fig. 5. 

Values of a for various a© in the application of Debye-Hiickel equation (3) 
a-nd a from La Mer’s equation for in solutions of MgCl^* 
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here the - log /theor. values, our chosen variable being a, the ionic 
diameter, whose changes furnish a better criterion of the validity of 
the equation (8). Our procedure was to take for — log /o the values 
calculated for a© ^ 0, 1, 2, 3, 4 successively. Starting with this basic 
quantity one can calculate the exi)erimental values from the equation 
(6). These values served us to calculate backwards from (8) such 
values of “a” as will give figures as close as possible to the experimental 
results. The numbers obtained in this way are contained in the tables V 
to VlII and represented on the diagrams 2 to 5 , 

Table V. 

(>erom iodate in potjossiuw. nitrate. 


M 

«0 - 0 

Wo -- 1 

Oo =- 2 

Cl 0 - 3 

Wo 4 

0005 

0*554 

1*314 

2*043 

2*798 

3*525 

0010 

M12 

1*75 

2*36 

2*99 

3*59 

0*020 

1*49 

1*97 

2*43 

2*89 

3*33 

0050 

2*43 

2*75 

3*01 

3*34 

3*63 

0*100 

3*22 

3*46 

3*67 

3*89 

4*10 

0*200 

3*99 

4*17 

4*33 

4*50 

4*65 

0*5(K) 

4*22 

4*34 

4*44 

4*55 

4*65 



Table 

VI. 




('era us iodate in pofmsiuw sulphite. 


M 

- 0 

W„ - 1 ‘ 

Wq 2 

r/o -- 3 

Wo 4 

0*002 

- 1*50 

0*95 

- 0*43 

0*11 

0*62 

0*005 

1*81 

- 1*47 

1*16 

- 0*85 

0*54 

0*010 

- 1*40 

M7 

- 0*98 

- 0*77 

- 0*58 

0*020 

- 0*70 

- O-fi] 

0*48 

0*35 

0*23 

0*050 

0*03 

0*73 

0*82 

0*90 

0*98 

0*100 

1*81 

1*83 

1*89 

1*95 

2*01 



Table 

Vll. 




Cerous 

iodate in magnesium sulphate.. 


M 

f/o 0 

a, = 1 

- 2 

rt, - = 3 

«0 4 

0*002 

- M9 

— 0-6S 

0*20 

0-30 

0*77 

0*005 

~ 1*22 

- 0-92 

~ 0*63 

- 0-34 

-- 0*06 

0*010 

— 0*73 

- 0-52 

— 0*33 

- 014 

0*03 

0*020 

0*08 

0-22 

0*34 

0-47 

0*59 

0*050 

1*23 

1-32 

1*40 

1-47 

1*56 

0*100 

1*80 

1-89 

1*92 

1-98 

2*04 



Table Vlll. 

Cerous iodate in ma^fneaium chloride. 


M 

0 

a® 1 

- 2 


r/o -- 4 

0002 

0-69 

1-31 

2-00 

2-71 

3-41 

0-005 

1-66 

2-23 

2-77 

3-32 

3-86 

0-010 

2-46 

2-83 

3-24 

3-65 

4-04 

0-020 

3-14 

3-46 

3*75 

4-05 

4-33 

0-050 

3-60 

3-73 

3-98 

4-16 

4-34 

0100 

3-96 

404 

4-24 

4-36 

4-48 


On these graphs, the “a” values aj-e taken as abscissae and the 
square roots of the ionic strength as ordinates, the initial ordinate 
being F/i corresponding to the solubility of cerous iodate in pure 
water. In the case of the sulphates of potassium and of magnesium there 
is a marked maximum in the negative region of the .r“axis(-a). The 
other tAvo electrolytes (A'iVOa and MgCl 2 ) show maxima only for -- 3. 
The negative “a” values lack, of course, any physical meaning and 
the whole course of the curves is clearly to the disavantage of the 
theory, these curves prolonged to intersection with the .r-axis giving 
in no case the true value of about 3 A. l^. The angles intercepted 
l>etween the tangents of the curves and the axis are always greater 
than more near to haAung infinity as limit for a 0. 

It is also ])roved definitely that the first approximation T).-H.’k 
cannot give satisfactory agreement \^’ith the experimental data. Our 
further procedure was as follows: 

Starting with La Mer s equation (5) we calculated the activity 
coefficient from the solubility of cerium iodate in water taking n as 
3-5, Adding the log SjS^ values to log /o we obtained the solubility 
numbers on the hypothesis that for concentrations of the salt lower 
than that con’esponding to the solubility in pure water the a 3-5, 
which is more acceptable than a — 0. For these “experimentar values 
we calculated backwards the “a”'s for such concentrations where the 
theoretical equation furnishes values in agreement with the exj>eri' 
ment. These calculations are very tedious, inasmuch as the equation 
in questioYi is not only lengthy but also of the third degree, solvable 
only by successive approximations. That explains why the calculated 
quantities are never entirely concordant with the experimental ones, 
as the computations were pursued only to agreement w ithin the limits 
of exj)erimental precision. 
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The following tables contain in the second oohimn, the ionic dia- 
meters calculated as stated above; in the third, the — log / (experi- 
mental), for which the — log /o has been calculated using La Mer*s 
equation (5); the fourth shows the results of application of (5) to 
given in the second. The following two columns furnish the actual / 
values con'esponding to log /; and in the last are (for comparison 
purposes) the activity coefficients calculated by means of the “limit- 
ing law'’ (a = 0). 


Table XX. 

Cerous iodate in jHytussium nitrate. 


M 

a 

-log /exp. 
Wo “ 3-5 
La Mor 

— log 1 
theor. 

La Mor 

/exp. 
a, = 3-5 

/ theor. 

/D. H. 
theor. 
ao= 0 

0 {HjJ) 


0*224fi 

-- 

0-5902 

— 

0-0407 

0-005 

3*5 

0-2524 

0-2521 

0-5592 

0-5590 

0-5986 

0-010 

3*4 

0-2720 

0-2077 

0-5340 

0-5399 

0-5018 

0-020 

3-5 

0-3077 

0-3079 

0-4924 

0-4922 

0-5027 

O-OoO 

3*b 

0-3090 

0-3094 

0-4270 

0-4272 

0-3928 

0-100 

3*S 

0-4230 

0-4202 

0-3770 

0-3S01 

0-2933 


Table X. 

Cerms ladaie in potamimn sulphate. 


M 

n 

T Af « La Mrr 

l^a iVlt'r 

/ ex|). 

3*5 

/ tlieor 

/I). H. 
theor. 
a„ (» 

Oim 

3-5 

0-2899 

0-2858 

0-5130 

0-5179 

0-5818 

0-005 

3-3 

0-3008 

0-3584 

0-4357 

0-4381 

0-5144 

O-Oll 

3-20 

0-4302 

0-4388 

0-3503 

0-3041 

0-4390 

0-02 

2-05 

0-5313 

0-6318 

0-2942 

0-2939 

0-3477 


Table XL 

Cercyas iodate in magnesimn sulpha, te. 


M 

a 

log / exp. 
Q'o 3’5 
La Mor 

log / theor. 
La Mer 

/ exp. 
a. = 3-5 

/ theor. 

/D. H. 
theor. 
a0 ~ 0 

0-002 

3-3 

0-2991 

■ 0-3030 

0-5022 

0-4978 

0-5662 

0-006 

3-20 

0-3737 

0-3739 

0-4230 

0-4228 

0-4892 

0-010 

3-2 

0-4510 

0-4539 

0-3640 

0-3468 

0-4072 

0-020 

3-3 

0-5386 

0-5319 

0-2893 

0-2938 

0-3107 
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Table XII, 

Cerous iodate in magnesium chloride. 


M 

a 

log / ex]). 
a, = 3-6, 
La Mer 

log / iheor. 

1.. a Mer 

/ ‘‘xp. 
a„ 3-6 

/ tli(*or. 

/ 1). H. 
theor. 
c/„ 0 

0-002 

3*5 

0*2580 

0*25()4 

0-5521 

0*5541 

0*5900 

0-005 

3*5 

0*2857 

0*2894 

0-5180 

0*5136 

0*5308 

0-010 

3*0 

0*3223 

0*3230 

0-47(51 

0*4754 

0*4600 

0-020 

3*67 

0*3700 

0*3711 

0-42(5() 

0*4255 

0*3687 


The tabulated results show clearly that the ionic diameters calculat- 
ed from La Mer\s equation are much more constant than those in 
the preceding tables. They fluctuate between 3 2 and 3-8 A. (Only 
one exception [potassium sulphates (h02 71/ 1 gives a 2*05 A. .0.) 
It will be w'cll to mention there that the use of the equation Jiforesaid 
is limited only to higher dilutions, the necessary a:-f unctions being 
tabulated only to x - 0-4, The concentration range had therefore its 
limit at 0*02 71/, save in the case of potassium nitrate. It would hardly 
b(' advisable to enlarge this range by extending the necessary *r-valuos, 
considering the validity limits of the theory. 

The fluctuations of the ionic diamet/er mentioned above show certain 
regularities and are not to be accounted for ))y experimental errors. 
La- Mer and co-workers in their paper referred to above (1. c. 2), 
(the only application of their theory to solubility measurements) vere 
constrained to choose a ~ hi) A for the case of luteo cobaltic diarnino 
dinitro oxalo cobaltiate in potassium sulphate solutions in ordei' 
to obtain sufficient, agreement with their experimental results (for 
0*0002 — 0*001 M K 2 S 0 ^). We have carried out their calculations fur- 
ther and obtained fairly considerable fluctuations of the ionic dia- 
meters,*) Before considering the probable causes of these fluctuations 
we shall recapitulate here the fundamental assumptions f)f the I).-H. 
theory: 

1. Strong electrolytes are completely dissociated . 

2. The nearest distance of approach of two ions in a solution is the 
same for every kind of ion in this solution (i. e., a represents something 
like mean value). 

3. In order to calculate the electrostatic potential of a certain ion, 
t is permissible to replace the charges of aU the other ions by a 

*) The results will be published later in the paper following this. 
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continuous, spherically synoimetrioal charge distribution filling the 
space outside of a sphere of diameter a, its charge density being given 
by Boltzmann's statistical law. 

4. This potential is ruled by Poisson's equation, with the dielectric 
constant I) assumed to be the same as for pure solvent. 

5. At the distance ' the potential and intensity of the electric 
field is equal to that for a point charge in the centre of this field and 
of the same magnitude and sign as the charge of the ion. The most 
(questionable assumption seems to be, at a first glance, the fourth. 
This question is fully discussed in the literature (see ref. 4), The 
exfjerimental verification of this independence of the dielectric con- 
stant of the solvent on the solute q^resent in small quantities is an 
arduous task and the results obtained as yet are not too reliable. We 
must bear in mind that the ex]:>eriment gives at best only a probable 
value of the macroscopic dielectric constant. The influence of strong 
electrolytes thereon and the agreement of diverse values has been 
tested by several workers (5). The ])rocedure was to change gradually 
the dielectric constant of water by adding sucrose, ether, alcohol etc. 
A quite sufficient agreement with the theory was fcmnd. La Mer (fi) 
])roves that his equation gives very good values in the case of symmetri- 
cal electrolytes (c. g., ZnSO^ (>‘0005--0*01 Jtf), with changing tem- 
y>erature, the differences in the ‘V;"'s being only a few per thousand. 
In the present state of the (question we can consider the changes of 
the dielectri(* constant of solutions u}) to 0 01 M to be q)ractically 
negligible. 

The first assumqjtion being sufficiently valid and the third not being 
under consideration in our case, w^e may limit the discussion to the 
assumption 2 and 5. 

Taking into consideration the excellent agreement found by La 
IVler (1. c. 5) for zinc sulphate, the conclusion seems justified that the 
fields of force are fairly well balanced out in the case of symmetrical 
ions. One should remember that for a mixture of electrolytes one 
cannot expect the “a’' to be completely constant, inasmuch as this 
quantity represents the mean for all the ions present in the solution, 
and if the ions of the added salt have the “a*''s markedly different, 
the resulting ‘‘common a" will be contained in the limits given by 
both electrolytes. Naturally, these limits cannot be transgressed, if we 
consider this effect alone. Therefore, these fluctuations should be 
relatively not too important. 
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In the case of assymmetric electrol 3 rte 8 , there is a marked lack of 
these balanced fields mentioned above, and under these conditions 
the distribution of the electrical forces around the ions is certainly 
more complicated. As long as we consider one electrolyte only, La 
Mer’s equation seems to describe the ])henomena quantitatively, as 
one can see (1. c. 2) from the results of its application to electro- 
motive force measurements, to freezing point depression etc. When 
the system is complicated by adding another electrolyte, there is a 
profound change in the relations between the ions, the most important 
point being the charge numbers of the respective ions of the added 
salt. There are, of course, many combinations possible. But we shall 
limit our considerations to the case forthcoming in our experimental 
work, namely the (3:1) saturating salt and (1:2) added electrolyte. The 
ionic charges are here entirely iinsymmetric in both directions. One can 
be fairly confident that the ionic atmosphere surrounding a tervalent 
cation would be rich in bivalent anions, and even that the possibility is 
not excluded of the enhanced electrical field strengths causing some 
changes in the inner sphere of the ions, in contravention of assumption 
(5). One can express this otherwise by saying that for certain con- 
centration relations of a mixture of electrolytes with oppositely unsym- 
nietrical ionic charges there may appear a marked polarisation of 
the ions, leading to strengthtening of their mutual attraction forces, 
and to lowering of the activity values of single ions which in its turn 
causes the solubility to be greater than is supposed by D.-H. and 
La Mer’s theories. This solubility increase lowers, of course, the 
value of the activity coefficient as found experimentally. In order to 
bring these values into harmony with the theory, one is obliged to 
use lower “a” values than those usually accepted. In this manner 
one can explain the fluctuations observed in the experimental data. 
One cannot say at present what is the physical significance of '"a'' 
in this case, and it is quite possible that here this quantity is only 
a mathematical parameter. One can but suppose that in similar cases 
of polarisation (“deformation’’) of the ions, the field in their surround- 
ings is entirely assymetric, with equipotential surfaces of high algebraic 
order. The mathematical treatment of this suggested complication 
would be a very heavy task, scarcely to be accomplished quantitatively 
in the near future. 

The relations just discussed are apparent from the data of the three 
last tables. (IX — XII.) In the case of potassium nitrate (symmetrical 
1:1 electrolyte) the ‘‘a” changes with concentration are uniform (the 
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only deviation at 0*()1 M being probably due to an experimental 
error), the resulting curve forming an approximately straight line 
perpendicular to the x-axis; a marked bend appearing only at higher 
cimcentrations. This is what one is led to expect in confirmation of 
La Mer's theory on one hand, and on the other of the correctness of 
our chosen value* (This number being found by successive steps). 
The influence of the ‘‘a” values for K and for N0\ not being equal 
thus ai)pears only at higher concentrations. 

The circumstances in the case of potassium sulphate are wholly 
different. This illustrates what was said above for (3:1) and (1:2) 
electrolytc^s. The solubility (as shown on the curve log vs. y'n, 

diag. 1. with the characteristic ‘"hump”) increases rapidly and '"a” 
falls as low as 2 05 A.U. Nevertheless, the initial tangent to the 
corresponding curve (diag. 3) is nearly perpendicular to the a;-axis 
(as in the former case). 

The pair with MgCL as the added sait ([3:1] and [2:1 1 electrolytes) 
with higher valence ions of the smine sign shows, as expected, hardly 
any deformation and the constancy of the “exporimentar* values is 
excellent here. In the combination with the magnesium stilphate ([3:1] 
with [2:2) salt) the influence of doubly charged sulphate ion is nearly 
(but not entirely) compensated by that of Mg*\ therefore the “hximp’" 
appears here also and the “u" values go through a minimum before 
increasing again. 

We believe we have proved satisfactorily that in those cjases the 
real complications ai’e greater than is supposed and enc^ompassed by 
Debye -Hiickel and La Mer's equations. One can doubt if farther 
developing of the original expression (as suggested by the author 
last named, 1. c. 2) could be of real value here. We hope to be able to 
publish shortly a further contribution to this problem. 

Summary. 

The fundamental Poisson - Boltzmann equation developed by 
La Mer and his co-workers to encompass also the higher valence 
types of the electrolytes was applied to the case of the solubility of 
(terium iodate in aqueous solutions of various salts, the experimental 
data being given in the preceding paper {Collection, 1. c. 1). 

The resulting theoretical values were tabulated and represented in 
the form of graphs. 

The results of their discussion can be summarized thus; the relations 
in the systems in question cannot as yet be represented quantitatimly 
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by any of the existing theories, including that of La Mer, Gronwall 
and Sandved. Nevertheless, the work of the last named authors 
furnish the best mathematical means at present available to express 
the experimental data up to the present limits of experimental 
precision. 

Ths jyresent work was carried out in the Institute, of Fhysiml 
Chemistry, Faculty of Chemicodechnological Engineering of the 
CeskA Vysolce IJceni Technicke, Prague. 
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ESSAl D’UNE NOUVELLE FIGURATION 
DES COMPOSES CHIMIQUES 

par MARIUS REBKK. 

La theorie de la coordination dc Werner embra«se, apres certaines 
modifications, un nombre considerable de faits experimentaux apparte- 
nant siirtout la chiinie inorganique. Mais elle a fait ses preuves 
dgalement en chimie organique. On sait qu’il n'a pas ete possible 
dVitablir nn systerne base sur un seul nombre coordinatif. Outre 
le nombre (>, qui apparait le plus souvent, on rencontre en effet le 
nombre 4 (carbone, ammonium, phosphonium, etc.), puis le nombre 3 
(oxonium, sulfonium, carbone); il y a meme des combinaisons oil se 
trouvent coordonnes deux groupes seulement. 

La haute valeur du systfeme Werner consistait des le debut en ce 
qu’il distingue les liaisons polaires (eoordinatives) des liaisons non 
polaires. Werner se figurait les atomes ou groupes lies de maniere 
polaire ou ionogene comme etant disposes dans la sphere ext6rieure 
autour de ratome central. 

L’emploi de la theorie de Werner en chimie organique suppose 
I’identification de la liaison existant dans la premiere sphere (liaison 
coordinative) avec la liaison „organique“: dans co sens, on parle 
du carbone tetravalent coordinatif. 

Bien ({ue le systerne eJucide parfaitement des domaines tres etendus 
de la chimie, il manque jusqu’^t present d une assise theorique. 

Oe qui va suivre ne doit evidemment etre consid(5re que comme 
une ebauche basee uniquement sur Temploi de conceptions physiques. 

On peutcnvisagerla theorie dos octets electroniques, nee des connais- 
sances nouvelles sur la constitution des atomes, comme un essai d’expli- 
quer le nombre coordinatif et la valence totale des atomes ou des ions. 
La theorie des octets distingue entre la valence polaire et la non 
polaire; la valence polaire prend naissance lorsqu’un (Electron passe 
aun atomevoisin, la valence non polaire, lorsque deux atomes capables 
de se Her Tun a Tautre possfedent un Electron commun. Les atomes 
coordinativement satur6s sont entour^s de 8 electrons formant ce 
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qii’on appelle un octet (le squelette des gaz rares); Thydrogfene exige 
des doublets, c’est a dire il compl^^te le premier anneaii electronique 
du noyau. 

A Faide de cette conception, qui opere avec des notions physiques, 
on peut expliquer la grande variate des phenomenes chimiques. 
Nous entendons par la Tapparition et le nombre des liaisons iono- 
genes lors du changement du nombre coordinatif. Nous ex})liquons 
sans peine ot d’une fa§on simple 4galcment la liaison semipolaire telle 
que Fexigent certaines experiences faites sur Jes amines.^) 

Toutefois, le principe des octets ne peut pas etre employe d’une 
manifere rigoureuse et cons^quente. En effet, telle combinaison nous 
f)blige a admettre des sextets, telle autre nc se laisse pas mettre 
d ’accord avec la theorie a cause du nombre trop 6\ev6 d ’electrons 
entourant le noyau (carbonates, hexafluorure de silicium, ion etc.). 

T)e plus, la formulation ancienne manque de clarte: les formules se 
pcrdent dans une mer de points et ne devieiinent claires quVn rem- 
pla^ant les points par des traits c’est a dire en revenant a Fancienne 
figuration de (h)uper. 

Dans ce qui \a suivre nous pensons pouvoir fournir au chimiste 
un moyen plus maniable de representation des differents groupos de 
combinaisons. 

Voici en ({uoi consistent nos nouvelles vues. Le squelette ("dectro- 
nique de Fatoine ou de Fion peut lier coordinativement ou ,,organi" 
qucment'‘ \in nombre defini d’atomes ou dc groui)es. Ce nombre de- 
pend de la constitution du squelette et du nombre de ses tdectrons. 
La liaison se fait de maniere telle que le squelette ne soit pas dcHTuit. 

C/liaquc atome peut coder des electrons ou en recevoir ot les repartir 
dans son anneau electronique. Un tel atome electriquo revele 
la liaison polaire et le nombre coordinatif qui est d’accord avec son 
nouvel arrangement electronique. 

En envisageant les elements neutres formant le premier rang du 
systcme periodique on rencontre les nombres coordinatifs suivants: 


Nombre d ’Electrons 

Li 

Re 

B 

a 

N 

O 

F 

Ne 

exterieurs 

1 

2 

3 

4 

5 

B 

7 

8 

Nombre coordinatif 

1 

2 

3 

4 

3 

2(4) 

1 

0 


Le deuxi^me rang est analogue en principe, mais dans quelques 
cas — dans les anneaux k six Electrons — apparaft le nombre coordi- 
natif 6 typique pour les atomes a constitution plus compliqu^e. 
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Nombre d ’electrons 

Na 

Mg 

Al 

Si 

p 

S 

Cl 

Ar 

ext^rieurs 

1 

2 

3 

4 

5 

6 

7 

8 

Nombre coordinatif 

1 

2 

3 

4 

3 

2 (4, «) 

1 

0 


Dans leB rangs ulterieurs, le squelette a six 61ectrons ct six centres 
coordinatifs est le ph^nomeno ordinaire. 


Le modele Bohr-Rutherford nous renseigne sur le nombre ma- 
ximum d ’electrons qu’un atome donn6 peut reccvoir ou cMer. Conside- 
rons maintenant le changement que subit le nombre coordinatif des 
atomes lorsqu’ils sent charges d electricite. 

Si le carbolic revolt un electron, il devient I’analogue electronique 
de Tazote; il presentc done le nombre coordinatif de Tazotc et rattache 
organiquement trois groupes: une telle combinaison nous est donnee, 

— ^ 

par exemple, par ((\H^)/'Na. 

I’ar centre, si le carbone cede un (Ucctron, il devient raiialogue du bore 

4 - 

et possede trois centres coordinatifs: I^e sodium et le chlore, 

qui sont polairement lies au carbone, ont perdu leur centre coordi- 
natif par suite du changement de leur squelette. 

Le tableau suivant montre la variation des nombres coordinatifs 
des divers atomes suivant le nombre des charges tHectriques, e’est a 
dire des valences polaires: 


Nombre d ’electrons exte- 


rieurs 

. . 0 

1 

2 

3 

4 

5 


7 

8 

Li nombre de charges . . 

.. +1 

0 

— 1 

2 

— 3 

— 4 

-5 

— f) 

— 7 

nombre coordinatif . 

. , i) 

1 

2 

3 

4 

3 

2 

1 

0 

somme 

1 

1 

3 

5 

7 

7 

7 

7 

7 

Be nombre de charges . . 

.. +2 

+ 1 

0 

— 1 

— 2 

-3 

—4 

— 5 

— 6 

nombre coordinatif . 

. . 0 

1 

2 

3 

4 

3 

2 

1 

0 

somme 

. . 2 

2 

2 

4 

“o 

6 

(> 

6 

"6 

B nombre de charges . . 

. . -f- 3 

+ 2 

1 

0 

— 1 

0 

__ ^ 

— 3 


—5 

nombre coordinatif. 

. . .0 

1 

2 

3 

4 

3 

2 

1 

0 

somme 

. . 3 

3 

3 

3 

5 

6 

5 

5 

6 

C nombre de charges . . 

.. +4 

+ 3 

+ 2 

+ 1 

1 

~1 

--2 

^^3 

~4 

nombre coordinatif . 

. . 0 

1 

2 

3 

4 

3 

2 

1 

0 

somme 

. . 4 

4 

4 

4 

4 

4/ 

4 

4 

'4 
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N nombre de charges 

+ 5 

H-4 

+ 3 

+ 2 

+ 1 

0 


~2 

-3 

nombre coordinatif . . . 

0 

1 

2 

3 

4 

3 

2 

1 

0 

somme 

5 

5 

5 

5 

5 

3 

3 

3 

3 

O (S) nombre de charges . 

4 6 

+ 5 

+ 4 

t 3 

+ 2 

+ 1 

0 

- 1 

— 2 

nombre coordinatif . . . 

0 

1 

2 

3 

4 

3 

2 

1 

0 

somme 

b 

b 

b 

b 

b 

4 

2 

2 

2 

F (Hal.) nombre de charges -i-7 

+ 6 

+ 5 

+ 4 

--I 3 

h2 

+1 

0 

-1 

nombre coordinatif . . . 

0 

1 

2 

3 

4 

3 

2 

1 

0 

somme 

7 

n 

t 

7 

7 

7 

5 

3 

1 

1 

Atomes neutres ayant la 
mcme constitution electro- 










nique que les elements ci- 
dessus. 


Li 

Be 

ji 

r 

N 

0 

F 

Ne 


L'azote est coord inativeiiient tetravalerit dans lesselsammoniacaux : 
ayant cede un electron, il devient Tanalogue dlectronique du carbone. 
Son enveloppe (Mectronique est identique k celle du carbone, qui 
engendre’i quatre centres coordinatifs. L’analogiederazoteamrnoniacal 
avec le carbone a evideinment etc observee il y a longtenips. La 
voie experimentale qui a conduit a cette connsissance a surtout etc 
indiquee par Tanalogie sterique des deux atonies. 

Mais, dans certaines conditions I’azote pent devenir aussi Tana- 
loguc du bore et presenter deux valences polaires positives: le mono- 
perchlorate de nitronium, le bi])erchlorate et le nitrosylperchlorate de 
nitronium constituent des cornbinaisons oflfrant un tel azote®). 

I 

NO/)H 4 HCl(\ - \ON(OH),]CUOt [OnIoJI^)\CUJ, 

NO/)H f 2HClO^ ^ {N(OH)^]{Cl()^). - 0,Cl[N(0H).,]m), 

\ 

CIO^NO 4 ///> {O^^OH)H\riO^ 

Les autres anions forts jieuvent, eux aussi, amener Tazote dans 
cet etat, 

Faisons remarquer que le carbone est en tout tetravalent dans 
tous ses etats de charge. S’il est positivement monovalent, il est 
Tanalogue de I’azote et se montre aussi coordinativement trivalent. 
Notre systeme n’exclue 6videmment pas des cornbinaisons comme 

{OBM on ^(CEjNa^, 
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mais il parait que les atomes neutres ne sent pas enclins i o6der 
plusieurs (Electrons. Cela depend naturellement aussi dii groupe qui 
re 9 oit F^lectron ou le cede: les halogenes en resolvent avidement, les 
m^taux alcalins en cedent facilement. Le carbone devient, il est vrai, 
negatif vis-a-vis du sodium et positif vis-i-vis des halogenes, mais il 
reste neutre vis-a-vis de Falcoyle. Les combinaisons de Thydrog^iie 
avec le silicium et avec le bore sont, malgr6 leur analogic formelle, 
constituees autrement que celles du carbone; e’est ce que fait voir 
leur decomposition par Teau, qui donne naissance a rhydrogfene 
mol6culaire. 11 se peut que dans ces composes le bore et le silicium 
soient positifs, tandis que Thydrogisne y est negatif. 

Voyons un peu le bore. On sait que les combinaisons du type 
sont des acides prononces; le bore est ici Tanalogue du 
carbone; il a attire un electron et coordonno quatre groupes; en outre, 
il lie polairement un ion d’hydrogene. La fixation de Facide fluor- 
hydrique aux bores trialcoyles est tout a fait analogue a Faddition 
de Facide fluorhydrique aux alcoyla mines ou a Fammoniaque; dans 
I’un et Fautre cas il se forme un squelette eUecti'onique de carbone a 
quatre centres coordinatifs. J1 n’y a de difference qu'en oo quo Fatome 
central est n6gatif dans le premier cas alors qu'il est j)ositif dans 
le second, ot que dans le premier cas e’est Fhydrogene et dans le 
second Fhalogene qui est ionogeniquement li6. 

On corif^oit pourquoi Fhydrogene ionogeniquement lie apparait par- 
fois dans les combinaisons du carbone; il existe en effet des groupes 
relachant les atomes des methylenes voisins. De tels radieaux sont 
le carbonylc, le groupe nitro et le groupe nitrile, etc. Tons sont positifs 
et forcent Fatome voisin de carbone a devenir negatif (polarite induite). 
Pour que le carbone cfede k cette contrainte, il doit avoir un substi- 
tuant qui lui offre un electron; ce substituant est Fhydrogene qui 
passe a IV^tat ionogene. Le carbone devient negatif et coordinative- 
ment trivalent. L’hydrogene lie ainsi ionogeniquement apparait aussi 
sur Fazote, si ce dernier est convenablement substitue; les nitrodi- 
ph^nylainines sont des acides, Fazote est negatif et coordinativement 
bivalent, Fhydrogene est positif et polairement lie k Fazote. 

L’oxygene ressemble k Fazote dans la formation des combinaisons 
y.onium^' avec cette diff6rence oependant qu’il a une tendance moins 
marqufe de former des composes stables; il attire plus avidement 
F^lectron perdu que ne le fait Fhydrogene. Par suite, Fion hydro- 
xonium se d^double plus facilement que Fion ammonium. Les corps 
a hydrogene ionogeniquement lie ferment avec Feau des acides et 
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avec I’ammoniaque seulement des sels plus ou moins hydrolysis. Si 
Toxygine neutre attire un ilectron, il devient coordinativement mo- 
novalent; exempie: formation de I’hydrogine ionoginiquement lie 
k rhydroxyle des acides oxygines. 

Signalons encore quelques combinaisons etudiios en ces dcrnieres 
anniesr le triphinylbore 8odi») et le perchlorate de tripheriylamine,^) 
Les deux combinaisons sent sensibles et se comportent cc)mme des 
radicaux libres. Si on les ecrit selon nos vues et qu’on les compare avec 
le triphinylmethyle, on obtient les formules suivantes: 

(C,H,UBNa {C,H,),C (CJh)JciO, 

1 I I 

I I I 

I I I 

Chez toutes ces combi naiwsons Tatomc central est coordinativement 
non saturi, done tetravalent. mais seulement trois de ces centres sont 
satures. Pour obtenir les combinaisons du bore et dc Tazote il nous 
faut un atome qui cede volontiers son ilectron ou (^ui le re 9 oive 
tris facilement: le sodium et Icperoxyde do chlore. Toi appartiennent 
aussi les combinaisons trouvees par Hantzsch: (Alc)^N Get 
auteur a etabli qu'un atome de brome y est lie ionogeniquement, 

done \{Alc)^NBr]Br, 


Liaisons mixtes. 

La liaison semipolaire prend naissance lorsque deux atomes polaire- 
meiit opposis se lient encore coordinativement. On observe une telle 
liaison dans les borammines etudiees par E. Krause.^) 

L’ammonium s’additionne en effet aux boralcoyles et aiix boraryles 
en formant des combinaisons tres stables {Alc)^BN H resi)ective- 
ment (Ar)^BNH^, L’auteur souligne Failure energique de la reaction 
et la stabilite des combinaisons qu'elle engendre. Nous les dcrirons 
comme suit: 

{CH^)"B—NH^ et (CJh)B^NH., 

Ici le bore et Fazote sont des analogues du carbone et i)ar con- 
sequent coordinativement tetravalents. De plus, ils sont polaire- 
ment lies Fun k Fautre. Ces combinaisons nous semblent represen- 
ter des modeies d’amines ou d’ammoniacates en general. Pour le cas 
oil des atomes plus compliques coordonnent six ammoniaques et 
lient, dans Fenveloppe exterieure, encore quelques groupes polaires, 
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nous donnons I’explication suivante : oes ions m^tailiques resolvent le 
nombre n^cessaire d’electrons de la part des ammoniaques pour Mifier 
le squelette tUectronique offrant le nombre n^cessaire de centres 
coordinatifs : 


ro{NH,U'h est 


H^N-Co- iVTi/g 


Cl 

ci 

Cl 


II ne faut pas nous etonner des lors que de telles combinaisons 
soieiit souvent instables. La cause en est que Fatorae m^tallique chde 
les Electrons etrangers k la premiere occasion qiii se presente. De ma- 
niere analogue on peut interpr(5ter la liaison de Feau de cristallisation. 

On rencontre les liaisons semij)olaireR tres souvent dans les acides. 
H antzsch a demontre que les acides existent principalernent sous deux 
formes, sous la forme psetido et la forme aci, l.<a forme aci est carac» 
teris^e par Fhydrogene ionogeniquehient lic^ tandis quo la constitution 


de la forme psevdo est purement organique: 


K C ' ^^ 

[lt.CO^]H ou 


os(ou\. 

[SO^\H^ ou 


forme paeiido 

forme aci 


(yV)nforraement a nos vues nous ecrivons; 



A)H 
K . 0-4:) 


OH 

R . 0-4) 


Carbone coordinativement trivalent, 
liaison semipolaire entre O et 0 


O 


-f 


.OH 

<)H 


O 


-S' 

■F 


M 

OH 


ou O—S 

- - -j 


/' 


X)H soufre coordinativement 
trivalent, 

OU liaison semipolaire entre 
S et O 


On conyoit que Fhydrogene soit mesohydrique, c est k dire qu’on ne 
peut pas le localiser sur un atome d’oxygene d^fini. 

C^est a Hantzsch qu’on doit Fobservation que la force d’un acide 
augmente avec le nombre des oxygenes existant dans la molecule. 
Nous ponsons que I'on peut donner cette regie des limites plus 
t^troites en disant que la force d’un acide depend du nombre des 
atomes d'oxygfenes semipolairement li^s. Comparons: 
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__ 


ei-OH - 

Cl-OH 

chlore coordinativement monovalent 

— + — •I 

— + 


O—Cl—OH 

, 0~Cl—0H 

chlore coordinativement bivalent 

0. 

yci—OH 

O'v , *■ 

' .. yci -oH 

chlore coordinativement trivalent 

6 

0 


t I 

-- f + -J 



O.^Cl~()H 

chlore coordinativement tetravalent 

-/^ ' 

-/ 


0 

0 


forriu' avf 

foriHe ‘pseiulo 



Plus grand est le nombre d’oxygenes polairenient lies, ])lus grande 
est la tendance de Toxygene hydroxylique a devenir negatif eu rece- 
vant un electron de rhydrogene. Le grouj)e hydroxyle produit la 
forme aci. En effet, Tacide perchlorique est le plus fort entre tons. 

Lephenomeneesttoutafait analogue au relachemcnt de Thydrogime 
du groupo methylene sous Finfluence de groupes n^gatifs; plus grand 
est le nombre de tels groupes au carbone, })lus grande devient la 
mobilite de Fhydrogene restaiit aur cc carbone. L’acide tctraborique, 
qui appartient aux acides faibles. nous prouve clairement que la force 
des acides ne depend pas du nombre absolu des atomes d’oxygene 
dans la molecule; parmi les cinq atomes d’oxygene (non comptes 
les hydroxyliques) deux a peine sont lies polairement. 

De maniere analogue on })eut expliquer le comportement des acides 
derives du phosphore, H. Lindemannet L. Wicgrebe®) out d^montre 
la grande ressemblance entre Foxyde de carbone et Fazote moleculaire. 
Ils ontconfirm^ ainsi la formule que Langmuir avait donnec, dans le 
sens de la theorie des octets, a Foxyde de carbone. Leurs expiSriences 
s’accordent avec nos vues, car nous ecrivons, nous aussi, Foxyde de 

~ -i“ ^ ^ 

carbone C~0, avec deux atomes qui sont Fun et Fautre dos analogues 
61ectroniques de Fazote. 

-f --- 

Quant k Facide cyanhydrique, nous lui donnons la formule HC ~N , 
presque 4gale k H — forme organique de cette combinaison. 

- 4 ^ 

La formule C^NH exige un carbone neutre, coordinativement bi- 
valent, et nous paratt invraisemblable k cause de cela. Les experiences 
oonfirment cette maniere de voir.’’^) 
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.0 


L’ion azotite est 0 — N -0, et lej groupe nitro — N<^q. Nous 


y voyons une analogic avec le carboxyle — C — 0 et avec le groupe 
sulfo 

--S—0 


l\, 

HO 


O 


IjCs trois groupes constituent dcs substituants positifs dans le sens de 



Vor lander. T1 en est de memo pour les grou|>es nitrile — C^N et 
aldehyde: 

O. 

I 

H 

En ce qui eoncerne les phenomenes de tautomerie, nous les figurons 
de la fa 9 on suivante : 

\m H 0 

+ 

Vu que dans les exemples donnes Thydrogene hydroxylique pent 
cHre considere comme 6tant mesohydriquejaformule devient ideiitique 
alafonnule synionique de Provost.^) Meme si Thydrogene hydroxylique 
de la forme enolique est remidace par le m^thyle, il ne reste pas moins 
conjugue k trois earlx)nes et un oxygene. (Test ce que nous prouve 
la reaotivite de la combinaison. Au changeinent du nombre coordi- 
natif pendant la migration intramoleeulaire des charges se trouve li6e 
Tapparition du radical singulier de S. F. Goldschmidt*): 

I 


Voici comment nous formulons cette combinaison: 


€,H,- 


-C^,{NO,), 



4S 


Ce n’est done pas I’azote non sature qui est lid au noyau du benzdne 
nitrd, mais I’azote porteur de deux phdnyles; il est positif et 
eoordinativement tdtravalent, mais ne porte quo trois groupes. La for- 
mation de oe radioal est due au caraetdre positif du noyau du benzdne 
nitrd, qui induit la ndgativitd k I’azote; pour odder k cetto contrainte, 
I’azote emprunte un dleotnm a I’azote voisin, quo celui-oi n’hdsite 
pas k lui odder, il est vrai, pour d’autres raisons. 

II serait intdressant d’essayer si Ton ne pourrait pas rdaliser la 
synthese du oomposd: 

+ 4 ^ 

ou des combinaisons du type: 


Notre figuration s’accorde aussi avec le fait que I’hydrazylc isome- 
rique ne 8e forme pas a partir de Thydrazine 


(NO,),C,T1r 




L’azote lie au trinitroph(5nyle ne saurait devenir positif. 

Le radical de (loldschmidt est, somme toute, analogue aux oxydes 

4 " ~ 

de dipli(?nylazote: {C^H^) 2 N — 0, a I’azote eoordinativement t^trava- 
Jent et non sature. Comrao ses combinaisons, il est monom^re. 

En cequi concerne lesc^tyles de Schlenk, nous les figurons ainsi: 




Le potassium neutralise le carbone positif qui devient ainsi positi- 
vement tdtravalent et non sature. En les envisageant ainsi, ces 
radicaux satisfont k la loi des valences; comme I’azote dans le compose 
de Goldschmidt, le carbone dans les cetyles est entoure de groupes 
exigeant un grand nombre de valences. 

Nous jKjnsons que I’idde de cette „capacitd affinitaire'^ devrait se 
borner aux valences coordinatives mais organiques. Des contradictions 
avec la theorie des postulats de valences surgissent uniquement par 
suite du fait que les effets de la valence coordinative et de la polaire se 
superposent par rapport k la polaritd du substituant. La force de chaque 
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c'entre coordinatif est proportionnelle au nombre d ’electrons existant 
dans I’enveloppe de I’atome et inversement proportionnelle au nombre 
des centres coordinatifs del’atome. Ainsi, le bore possMe trois centres et 
(|uatre electrons; le carbone^ quatre centres et quatre Electrons, I’azote, 
trois centres et cinq electrons, I’oxygene, deux centres et six electrons 
et, enfin, le fluor, un centre et sept electrons: la capacit(5 affinitaire 
(le I'azote est plus grande que celle du carbone, celle de Toxygene 
plus grande que celle de Tazote et cello du fluor plus grande que 
celle de Toxygene. 

Oeei se leflete aussi dans le nombre des unites ealoriques necessaires 
pour rompre la liaison organique entre ces elements: 


r — 71 cal/mol 

r NH., 70 Z' „ 

OH 02 k „ „ 

r F i:i5Z* „ „ 


(' arom. - 6' aliph. 
C arom. A/Zg 
C arom. — Oil 
(' arom. — F 


80 k cal/mol 
85 A: „ „ 
100 k „ ,, 
141 k „ „ 


Si le carbone apparait comme analogue au bore, sacapacite est faible: 
le groupe carboxyle se detache facilement. Dans le groupe nitro Tazote 
est analogue au carbone et de meme le soufre dans le groupe sulfo: 
les deux grou[)es sent plus etroitement lies au (*arbone que le carboxyle. 

lue changement de Tenveloppe electronique ne cause pas seulement 
la variation du nombre coordinatif mais aussi celle de la cajiacite 
affinitaire; cela veut dire que Tatorae manifesto la capacit(^ de son 
analogue electroni(jue. L'azote -e^iositif montre la capaciteS du carbone, 
I’azote negatif celle de I’oxygene, Toxygene positif a la capacitc de 
Tazote, Toxygene negatif celle du fluor. 

Les divers centres coordinatifs sont ,,plastiques“: le substituant 
agrand ,,postulat'‘ tache d’augmenterle ,,postulat“ du centre interesse. 
Decette maniere, certains groupes peuvent consommerune grande part 
de la masse totale de Tatome auquel ils sont li(5s. L’enveloppe electro- 
niqiie devient asyrm^trique et montre jiar consequent une tendance 
a subir un changement quand elle cMe ou re^oit un (Electron. Nous 
Tobservons deji\ chez les hydrocarbures alipliatiques satur6s a chaine 
arborescente: 

ou (6^i/3)aC^ - 

Les Carbones portant le signe ( + ) ont une tendance marquee a passer 
a I’etat positif en cedant un electron au chlore. 

On })eut done se figurer que Tionisation de Tatome de carbone 
a deux causes: Tinduction de la polarity par les groupes polaires et 
rasyrnetric de Tenveloppe Electronique. 



47 


La capacity affinitaire de rhydrogene'"parait etre pareille k la 
capacity du carbone k sym6trie parfaite (structure du diamant): 
oeci est t^moigne par le grand nombre et la stabilite des hydrocarbures 
satur6s. A. v. Weinberg fut le premier qui a signalo ce fait. Nous 
devons cependant remarquer qiie T^nergie des liaisons C — C et C -H 
est assez differente (en adoptant le nombre 150 k cal comme chaleur 
de sublimation du carbone). 

Diff^rentes formations de sels. 

Notre systeme regie d'une maniere tr^s definie la formation des sels. 
Nous avons deja mentionne la formation des sels ammoniacaux 
a partir des amines et des acides. La formation, par salification, des 
combinaisons renfermant un azote negatif ou un oxygone negatif se 
laisse formuler comme suit: 


NH + im 

I Hci - oh)CI 

La formation du chlorhydrate de pyridine: 

f Ha ^ ((\H,NH)a. 

Le groupe ccHone jieut fixer une seconde mol^*cule de Tacide. 

» - ^ \ Cl 

OH)Cl + HCl 

L’additiou d'une troisieme molecule d'atddo est 6galement possible. 

11 reste a savoir combien de ces combinaisons additionnelles dc 
o<5tones et d’acides se laisseront expliquer de cette maniere. 

En consid^rant les deductions ci-dessus on voit que notre systeme 
distingue essentiellement ontre les liaisons polaires et los non polaires. 
Nous n’ignorons toutefois pas que cette distinction n’est pas dans 
Tesprit des vues actuelles. D’autre part, nous arrivons a eviter, dans 
beaucoup de cas, Tadjonction des valences secondaires dont la nature 
et Tapplication ne laissent pas d’etre peu claires. 


Ldboratoire de Chimie organique 
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OXYBATION I)E I/AMIDE XANTHOGflNIQUE 

(Contribution k Texplication de la reaction de cetto amide avec 
le chlorure cuivrique) 

par J. V. DUBSKt (^t J. TRTILEK. 

H. DebuH {Ann. 1852, 82, 253 - 289) observfi en 185)2 

(prune solution alcooli(jue de xanthogetie-amide sc colore en rouge 
sang par addition d'une solution neiitre de chlorure cuivrique, af)reV 
quoi il y a decoloration du liquide et separation de soufre. Du liltrat, 
Tautour a pu isoler d'abord de petits cristaux, doues d'un eclat de 
dianiant, du produit d’addition du chlorure cuivreux a uiie mol. de 
xanthogene-amide (\Hr/) .(^S .NH2 (abn^viation Xd) : CnCI A Xd (1). 
Les dcrriieres eaux meres s(*parent de longucKS aiguilles de composi- 
tion (T1) c()rresi)ondant a la condensation de deux moh'- 

cules de xanthogene-amide avec perte de 4 // et 1 S. 

Debus donne ]K)ur la reaction Texplication suivante 

() mol. de (\H-;ONS -j 4 mol. de 

4 mol. de (^uClX\H/)NS \ 1 mol. de 4 4 IlVf { S. 

Lc meme compose a ete obtenu par Debus en 

oxydant Tamidc xanthog^nique par I’acide azoteux. 11 a reyu par 
Tauteur le nom de „oxy8ulfocyanate d’oxyde d’(3thyle‘‘. Le point de 
fusion ctait au-dessous de 100®. 

A. Rosenheimer et W. Stadler (Z. aaorg. 1906, 49, 1) t^tudi^^rent 
le compose d'addition CuCL iXd (fusible a 127®, soluble dans J’alcool, 
rather, le benzene) de plus pres. Ils Tavaient pr(?paiT directement 
a partir des constituants, cpst-^i-dire en j)artant du chlorure cuivi-eux, 
de Borte qu'ils n’observ^rent ni la coloration rouge ni la formation 
du compost II. 

manuel Beilstein III. p* 138 signale le compose (I J), 

dont personne ne s'est plus occupe, sans expliquer sa constitution. 
A. Riidisiile {Nachweia, Bestimmvng und Trennv'ng der chemi- 
achen Elermnte III. p, 22) mentionne la coloration rouge de Tamide 


4 
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xanthogeniq lie avee le chlorure cuivrujue (?ommo reaction des sets 
euivriques. (Vest pr^cis^ment ce qui a attire iiotre attention sur cette 
reaction. Disons tout de suite que nous avons reconnu non seulement 
la cause dc la dite coloration rouge, rnais encore la constitution du 
<‘onij)ose (ii). 

L.i mipyiositidii faite par Debus sur le ineeanisrue rwiotionnel a pu 
etre verifiee. 

Ija oondensatiou des deux m()l(''(‘ulc.s d’amule xanthog6ui(jue peut 
s’effeetucr de la nianiere suivaute; 


Nil us-c oajj. 


r,//, 0 -(' 


SH 


ou : 


Nfl 




('.Jf:, 0 N 




H \ 


lliio-«-/i'.( I -;p-(liazol (nzosulfinu') 


NH Nil 




\ / 

Sll SH 


N N 

(’Jl,-0~(' C ()(\H, \ S -f 4 H 


tIiio-/)’-^-(2-3)-cliiiy.«)l (tliiobiazoluii>, 


Ell tenant eonipte des recherchcs exyieriraentales d’A. W. Hof- 
mann et de D. 8. Heetor la reaction de I'amide xanthog6nique 
a lieu avee formation dune azosulfinie (1-3-diazol). 

Le ohlorure cuivrique oxyde done la dite amide en un diazol, avee 
formation de chlorure cuivreux, d’acide chlorhydrique et separation 
de soufre. Le chlorure cuivreux reagit avee I’exces d'amide xanthoge- 
nique jiour donner un comyiose addition nel. 

ri Tie reste plus qu a expliquer la singuliere coloration rouge. On 
IKiurrait yamser qu'il s agit la d un compose d addition du chlorure 



cuivrique avec Famide xanthogenique, trcH peu stable, m decomposant 
rapidement. Toutefois, iiii tel corps devrait posseder une couleur plutot 
autre que rouge. L’explication la jdus vraisemblable de c^ette colora- 
tion serait d’admettrc la formation transitoire do compcjsos rcs[) 0 (*tivc- 
ment du type CuC\,H(l on (hiC^HCI)x, 

Cbs corps Hont rouge grenat, instables, et perdent aiscnieiit lid 
pourdonnerleehlorurecuivrique.Aucoursde la reaction il y a forma- 
tion de i/67, alors que le chloriire cuivrique disparait rapidement lors 
<le Toxydation de Famide xanthogenique. Tout cola ])orte a (*roir(^ (jm* 
<'ette interpr('dation est la bonne. 

Kn faiKsant agir Fiode sur la thiobenzann'de A. W. Hofmann {Btr, 
1869, 2, 645) obtint Fazosulfirnc (p. dc f. 96“), qu’il transforme i)ar 
reduction an moyen de zinc et d'acide chlorhydrique en milieu alcoo- 
liqiie en benzyl -benzcmylamidine 

(\}h r Nil r/A, ty/, 

!' 

Nil 

MI HS--C~( N ( ' ~( \U, 

! I' ' 'i 

(\iL~c Nil , ry/,-r a :4HI\s 

SH S 

1). S. Hector (sur I’instigation du professeur Cdeve), en oxydant 
les thiourees par Feau oxygenee, obtient des thiazols qu’il formule 
toutefois comrne des tliiobiazoliiies; il les a])]>elle, ])ar exemple, di- 
anilido-oi -azothiols : 

Nil UN C -NIl ~ (\H, 

|, 1 

\ 

SH 

N 

1 . 1 

(\H,-NH-4' C-NH-(!Jh 

' / 

\ / 

S 

L’oxydation de la phdnylthiourw par I’acide azoteux, Ic chlorure 
ferrique ou une solution alcoolique d’iode donne Ic mcnie cor|)s, mais 
avec des rendements infmeurs. 
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Jj'introduction du cyanogene donne des aiguilles du compose; 

N A- 

'I i| 

r C 

I ^ ' 

\ , 

/V 

c r 

i I 

.V// yn 

L'accH-ylation, la benzoylation. la iiitrosation nc fournissent quo 
cles derives inonosuhstitiies de ces ,,()i-azthiols“. 

La dipheiiylthiouree — NH — (\S — Nfl (\H ^ doiuie avec Feau 

uxygeiuV egalemejit un .,<)i-aztbi()l“ ( Hn\ ISDO, 23, *U7): 

r r s ( ji, 
s 

Chez les thiourees aroinatKjues la reaetiou s'aceomplit eu 2 ])haaes: 
L formation de hisulfure, 2. formation ulkTieiiro d‘oi-azthiol: 

Nil NIJ NH 

2 mol. J{ STI R Nil - ('- S—S—V—NH—R 

J 

.V - .V 

II li 

H NH~C (^ NH—R 

\/ 

S 

Kn op(hant sur des thiourees aliphatiques Hector (Journ. /. prakf. 
('hem, 1891, [2] 44, 492) n'obtint que des bisulfui'es. Lorsque la liqueur 
est iieutre ou alcaline, il ne se forme mcme pas un bisiilfure, mais la 
thiouree se transforme en ur6e ordinaire ou une formamidine substi- 
tuee. 

L’allylthiourfe reagit avec I mol. d’acide azoteux avec formation 
d un corps azoique CJI^NH . CS . N - N ,(\S . NHCJl^ qui, sous 
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Taction de 2 mol. d’acide azoteux, se convertit en une iiuile d’odeur 
marquw, Ic totrahydrothiazol 

I I 

CS (JS 
NU 

a la difference des c^oinposiVs aromatiques qui doniient des derives 
diazthioliquos. 

La thioiiree, traitee j)ar Teaii oxygenee en ])resence d'acide ehlor> 
hydiiqiie, rente inattaquee on bien elle se dc^eompose. I'allyltliiouree 
se transfornie sous Inaction de lean oxygtmee en presence d’acide siil- 
furique en Insulfure d’allylformamidine: 

.(\s ,s,(\ xn . (\n, 

Nfl Nfl 

La methylthiouiw reagit avec Taeide azoteux en formant I’hiiile: 

N-cn., 

! I 

(\S ( 


Ml 

* Plus tard, He(!tor (Ber. IH92, Ref. 799) reetifio ses vues sur 
la constitution des oi-azthiols. Par reduc^tion ou sous Taction de Taeide 
ehlorhydrique concentre, il obtient non ]:)as la pbenylhydrazine inais 
la diplumylguanidine. Tn seul hydrogene du groupe imido se busses 
remplacer par un groupe acyle, ce qui conduit a admettre que le di- 
anilido-oi-azthiol signale jdus haut constitue un ,,miazthioT*; 


IIN HN~C,H, 

CJl, NH y NH 

/ 

m 


HN r N-(\I{, 

! 1 

VJI,-N V NH 

/ 

\ 


AJoutons que cette formulation n'esl })as satisfaisante non plus, cai* 
A. W. Hofmann et S. Gabriel (Ber. 1892, 25, 1578) etablirent la 
constitution des azosulfimes en transformant la pluSnyLmethyTthiouree 
(p. de f. 107®) on azosulfime (p. de f. 95®) avec rtniuction res})ective: 
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('H, 


NH SH—C— A’-. 

!. 'I ''■*-'3 

A’ -r XH 

\ 

A’i/ 


7/ 


!| |i 

r A' 


J)‘autre part, K. Dort (Ber, IJRK), 39, S(>3) demontre que les fu-odiuis 
<roxydation decrits par Hector no renferrnent en dehors du cycle 
qu’un soul ^roupe indde, oe qiii oorres})ondrait ^ la constitution: 


Nil 

ii 

r-A’// A7/., 

1 I 

A"— r,//- 

<S7/ 


XII 

ll 

< ' XH 

I ! 

<\H,-N a X~(\II, 

■ / 

s 


Kn etfei, jiar action cracide chlorhydrique concentre <^n pent, cn 
remj)layant un groupe XII par I’oxygcne, lea transfonner en cor{)s 
(pii ne clonncnt paa do sela. ni so laiasent acyler: 


0 

C XII 

1 I 

(\II, -N <:■■ N- 

\ 

s 

(p. do f. 

K. Fromm et R. Heydor (Her. lf)()9, 42, 3K04) ont pu, lora de I'oxy- 
dation de la thionree par lean oxygenoe, saisir le bisulfiire 

XH,.(\S.S.C .XH.,, 

il il 

XH NH 


chez iea thiourea aromatiques le bisulfure forme parait se decomposer 
immediatement, par exemple en ph^.nylthiouiw et phenylcyanamide 
dont il se forme des miazthiola: 


2 mol. (\H^—NH 

I 

HN- C—SH 


CM. NH 


nh.cm. 


HN --C—S- S—C^ NH 


I 


(\H. ■ NH 


NH . C,H 


HN- H~SH 


L 


6“ 8 


N 


-(-S 



En redigeant la partie theorkpie de noire travail nous avons consta- 
te (d'apres le Chem, Centrhl, 1930, I, 1925) cjue Bror Holm berg 
dans un travail difficiloment accessible (Soemk, Kern, Tindskr. 4L 
249 — 57, nov. 1929, Stockholm), avaient etudie la formation des xan- 
thogenates en solution aqueuse et oxyde 1 'amide ethyl- xanthogeniqiie 
])ar le pcrhydrol en solution dans racetone. 11s obtenaient le 3.r)-di“ 
ethoxy-l . 2 . 4-thiodiazol fusible entre 48 et 49^ (dont le point de 
fusion monte a 52- 53^ f)ar recristallisation). Le corps est done iden- 
tiquo a eelui d<Vrit ])ar Debus et dont nous avons elueide la c.onsti- 
tntion 


Partie experiinentale. 

A ni i (I e x a ii t h o g e n i u e e t chi o r u r e c ii i v r i q u e. 

A l-Olbf/r (Vio()de mol.) d'amide, dissous dans quelques cc d aleool, 
on ajoute goutte a goutte une solution neutre de ehlorure euivrique 
dans Teau (0-85 gr de soil de mol.) afin de se placer 

dans les conditions dernandcVs ])ar la reaction: 

4Xck) t 2r?d72 2\Xd,('nd\ } 2//r/ f S 

On obticnt aussitot une coloration rouge sang qui disparait en tres 
pen de temps. 

En memo temyis, li(|uide reactionnel, colore en vert bleu par 
j‘cx(*t^s de se trouble par Ic soufre mis en liberte. Ainsi que 

le montre le schema ci-dessus, la liqueur presente une reaetkm forte 
ment acide par suite de la formation d'acide chlorhy(lrii|uc 

Ija coloration rouge sang transitoire se laisse dernonlrer be^au(*ou]) 
mieux si on se sort d une solution alcoolique de ehlorure (*uivrique, 
car dans ce cas elle ne disparait pas si vite. 

On elimine le soufre par filtration, afin que la solution soit aussi lim- 
pide (jue possible. On voit skkdiapper des bulles de gaz el le liquide ne 
tarde jias k separcr de petites aiguilles d'un corps incolore, d ’eclat 
bleuatre, qu'on essore et seche. Elies fondent au-dessus de 109^. Elies 
sont fortement souillees par les eaux meres dont il est difficile de se 
deharrasser par lavage. 

La deuxieme fraction, obtenue de maniere identique, se compose 
egalement de fines aiguilles. Presque incolores au debut, les cristaux, 

M desijjcne raniide L'a/fsOf-".. . L'nllurc ideale ilc Ja rtuiction 

oxigerait 6 mol. d« Xd et 4 mol. <lo CnCI^ pour que les 4 // dtis k la formation 
flu diassol piiissent s’oxyder. 



fusibles peu. nettement entre 103 et 110®, acqui^rent avec le temps 
line belle couleur verte due probablement Toxydation par Tair 
atmospherique. 

(V>tte alteration ii'a pas permis d’analyser nos produits; il parait 
neanmoins qu’on erst en presence du corps connu CuCl . Xd souilie 
partiellement des combinaisons possiblers du chloriire cuivrique avec 
I ’amide xanthogenique, par exemple des produits d’addition du CuCl^ 
avec 2 ou 3 molecules de cette amide. Le point de fusion peu 6lev^ 
(rabaisse a 103 — 110®), est d’accord avec cette supposition. 

Les solutions alcooliques du dit produit sont brunes. (.-ette coloration 
jiourrait etre due a des traces de sulfure cuivrique colloidal qui a pu 
se former lors de la r<kiuction. 

Ce n’est qu’a parbir des eaux meres qu’il a 6te porssible d’isoler d? 
fines aiguilles inoolores. On les a essore, lave par quelqucs centimetres 
cubes d’eau, puis dess^che sur une plaque poreuse. 

Ls produit ainsi obtenu se laisse sublimer, il est ais^ment soluble 
dans Falcool, peu dans I’eau froide, facilement dans TeJiu chaude. Les 
acides min^raux le d^composent avec facilite. 

Le produit destine a Fanalyse eb k la determination du point dr? 
fusion a 6t6 purifi6 par sublimation. Il 6tait en belles, fines aiguilles 
blanches, fusibles d6ja vers 47®. Vu que ce corps est dejJi connu, nous 
nous sommes born6, pour rideatifier, au point de fusion et au dosage 
d ’azote. 

Dosage d azote: 

Substance: 0*00466 gr, N 0*657 cc (corr., 738 mm, 21®) N 15*90®/^. 

Poids muloculaire pour 2 N 2y 88*07, 

Sll s'agit, ainsi que nous le supposons, du compose 
C\H,0--C—N 

■ li 11 

N C . OC\lU 

\/ 

8 

la theorie exige pour I'azote 16-09%. 

L’essai precedent a r^p6t6 en employant I’amide xanthogenique 
et le chlorurc cuivrique Tune et I'autre en solution alcoolique. On 
a op^r4 sur des poids JV/100 : 1-7 gr de OuC% . H^O et 1-06 d’amide. 

Le liquide aoquiert d’abord une couleur rouge sang bien plus pro- 
nonc4e que dans le premier easai, puis la coloration disparait et 
la solution s6pare du soufre k mesure qu’on ajonte le ohlorure cui- 



vrique. De bnm ciair, leliquide devient plus fance et, enfin, bleu vert 
par Texces de chlorure. La coloration brune se laisse encore expliquer 
par des traces de sulfure cuivrique colloidal. 

Le liquide, s6par^ du soufre par filtration a la temperature ordinaire, 
a 6i6 abandonn^ k la cristallisation lente. II s’est separe d'abord un 
produit renfermant du ciiivre (comme dans Ic eas precedent), puis 
le corps cherch^ C^HiqN/)^S. 

Le point de fusion du produit purilie par sublimation a trouve, 
dans plusieurs esaais, a 47®. 

Le r^sultat 6tait done le meme qn’auparavant. 

Les essais tentes pour saisir la coloration rouge (jui apj)arait lors 
du melange de Taniide xanthogenique avoe le chlorure cuivrique n’ont 
pas eu de succes. De meme, il nous a cte impossible d’extrairo le 
corps rouge par epuisement de la solution. 

Le produit final des reactions qu'on vient de dt^crire, et j)our lequel 
nous admettons la composition signalee, se forme pai‘ oxydation. Ijc 
sel cuivrique est reVluit en cuivreux, ct Tamide xanthogenique subit 
J ’oxydation qui fournit le derive^ en question. Pour corroborer cette 
manicre de voir nous avons essaye de i)reparer le cor|)S 
j)ar oxydation direete de I’amide xanthogmiique. 

Oxydation de F amide xanthogenique ])ar Fiode. 

Dans line solution de l’()5 gr (^'\oo do mol.) d'amide dissoute dans le 
minimum d’alcool, on verse lentement une solution de 2*54 gr d’iode 
dans 25 ec d’alcool. Afroid, on n ’observe aueiine decoloration, mais si 
Foil chauffe au bain-marie, Fiode disjiarait ra])idement et il y a sepa- 
ration de soufre. L’oxj^dation est prolongec jusqiFa ce que quelques 
goiittes de solution d’iode ajoutees au liquide ne se doc^olorent pas 
meme a Febullition. La consommation d’iode e.st de 25 rc. 

Le liquide jaune est maintenu au bain-marie pendant 1 beure en- 
viron pour donner au soufre le temps de sc deposer, puis il est filtre 
sur un filtre muni de pajiier filtre broye et, enfin, sur du papier filtre 
durci. On obtient une solution limpide, coloree en janne par Fexces 
d’iode, de reaction fortement acide. 

Il serait avantageux de pesor le soufre 8epar(?, mais sa filtration 
pr^sente certaines difficult^s qui empechent sa pesee exacte. 

Au cours de la cristallisation lente on voit se separer de tres fines 
aiguilles incolores, luisantes, qu’on essore, lave par peu d’eau et des- 
sfeche k Fair. 
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Le produit fond vers 47® et concorde dans tons ses caracteres avec 
celui obtenu des eaux meres apres la separation par filtration du sel 
CuCl . Xd (voir les essais precedents), lei encore, Fidentification n^a 
ete faite qu’en prenant le point de fusion et en dosant Fazote. 

Dosage d 'azote: 

Substance: ()*0062() (jt\ N 0-902 cc (743 mm, 22®) N 10-47%. 

Poids moieculaire pour 2 N 170*1. 

(^alcuie pour {(\HpCN)^ S (174) N 16-09%. 

Le chiffre d 'azote, plus fort, est du a ce que le corps sc decompose 
rapidement deja a des temperatures rclativement peu elevees. 

Une partie de la solution ayant servi a Foxydation a ete evaporee 
ail bain-marie ju8qu'^t la moitie du volume initial, puis abandonnee 
a la cristallisation. l^s premiers cristaux n'apparurent qu'a une con- 
centration assez considerable, (^e furont des aiguilles rouge brun, 
renfermant de Fiode. 

Vu qiFelles etaient fortement souillces d'eaux meres, dies se pre- 
taient peu a Fanalyse. 

Oxydation de Famide xanthogenique par l ean oxygenee. 

a) En milieu acide. 

1-164 gr d ’amide dissous dans Falcool sont additionnos de 2 re 
d’acide chlorhydrique concentre, puis, au bain-marie, trois fois de 3 rr 
fFeau oxygenee a 3%, en intervalles de 5 minutes. 

11 y a separation de soufre qui s’agglomere y>ar chauffage. On 
ecarte par filtration, et Fon abandonne lo filtrate la cristallisation 
lente. Au bout de qiielques heures, apparaissent de fines aiguilles inco- 
lores qu’on essore et lave k Feau. Elies sont aisernent solubles dans 
Falcool, peu dans Feau froide, facilement dans Feau chaude. 

Le produit fond 47® et ne differe pas de celui obtenu au moyen 
d 'iode. 

Dosage d’azote: 

Substance: 0-00405 (/r, N 0-589 cc (24®, 743 mm) N 16-57%. 

Poids mol^ulaire pour 2 N 168-94. 

l^videmment, on est encore en presence du corps 
C\H,O^C^N (174) 

II II 

N C.OC^H, 

8 

dont la teneur en ezote th^orique est de 16-09®/,. 
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Ije chiffre d’azote, trop fort, 8e laisse, ici encore, expliquer par la 
facile decomposition du produit k des temperatures peu elevees. 

h ) Oxydation sans emploi d'acide. 

L’oxydation decrite a lieu memo en 1 'absence d’acide chlorhydrique. 
La solution ne reagit pas d’abord, mais apres un court chauffage elle 
se met a separer du soufre; gr*ace a I’acidite ainsi obtenuc, la reaction 
s’accomplit avec la ineme ra]>idite que dans Tessai precedent. 11 s’agit 
(le la transformation que voici: 

‘irji, O -C . N),S 4 A' I 4/y. 

Ici encore, I’eau oxygeiux* a etc ajoutee par portions, le liquide a etc 
chauffe au bain-marie, etc. ])roduit isole ne diflferait nullemcnt des 
preccklents. 

II so sublime a des temperatures peu elevees, apres quoi il fond 
a 40®, done a la ineme iemjieratiire que pour les produits decrits plus 
haul. 

Dosage d 'azote: 

Substam^e: 0*OOt>2J, N 0*902 rr (23", 745 mm) N ]6*40%. 

Poids moleculaire ])oiir 2 N 170*70. 

(^alcule pour (CJI^ . O . C N).S (174) .V 10*09%. 

Du point de vue de I’analyse quantitative, le dosage du soufre do 
nos produits par oxydation an moyen d’eau oxygemee (il est vrai en 
liqueur alcaline suivant le proeede de J. Petersen, Z, anal. 1903, 42. 
•407) nous a surtout interesse. 

Une solution du corps (t y/g . D -6^ jV) 2 <S dans 150 cr d'eau 
chaude a ete'oxydee, en presence de 10 cc de NaOH a S%, par de I’eau 
oxyg^nw a 3%, qu’on ajoutait par portions. 1.^6 tout a ett' maintenu 
une demi-journee environ au bain-marie. 

Apres neutralisation par HCl en presence d’orange methyle, la liqueur 
a etc additionn^H? de 1 cc d'acide chlorhydrique concentre, puis de 
chlonire de baryum (manuel Treadwell p. 396). 

Substance: 0*1058 gr, BaSO/j^ 0*0800 gr, S 10*45%. 

Poids moleculaire 305*7. 

Vu que le corps — O — renferme 18*93% de soufre, 

le dosage n'a qu'un peu plus de la moiti^ du soufre theorique. 
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(Jela eat d'accord avec nos vues sur la constitution du compost en 
question: en effet, la dite oxydation ne s’accomplit quantitativement 
que chez les corps dont le soufre ne fait pas partie d’un cycle, tels que 
par exeraple les suivants: C8(NHi)i, NH^ .CS . NHC^Hi (allylsul- 
fur^), CjjEfs — 0 — C =r 8 . 8K (xanthog^mate de potassium), etc. 

Mai 1932. 

Ret^u k 21 sei)tembre 1932. Instif ut de Chimie analytique h la 

Faculte des 8ciences de VUniversili 
Mamryk A Brno (Tchecoelovaquie). 



8UR LA PREPARATION ET LA REDUCTION ELECTROLYTIQUE 
DE L’lMIDE JV.mETHYLOLUTARIQUE 

par R. LUKES ot M. SMETAC’KOVA. 


Ainsi que I’a constate, le premier, Tafel,’) la reduction clectro- 
Ijdiquo des imides succiniques fournit des «-pyiToiidones. Pins tard, 
E. 8path**) montra que Ics imides de certains acides succiniques substi- 
tu<5s jjeuvent 6tre rMuites non seulement en pyrrolidones correspon- 
dantes, mais partiellement jusqu’en pyrrolidines, fait qui se laisso 
quelquefois mdme utiliser pour la preparation de j)yrrolidines diffi- 
cilenient accessibles par d’autres proccdes. 

Lc but du present travail etait d’appliquer cette reaction la serie 
glutarique pour arriver i des derives piperidiques. Au cours de ces 
recherches nous avons etabli que Ton pent reduire la iV-methylimide 
glutarique 1 
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soit en -N'-mothyl-a-pip<5ridone II, soit en iV-raethylpiperidine, suivant 
la quantity de oourant transmis par I’eiectrolyte. En outre, nous avons 
isoie ime base bouillant tr^s haut, de composition (CfHiiN)n dans 
laquelle nous supposons, en tenant compte de son point d’ebulli- 
tion, » — 2, et que nous oonsiderons corame une A^-methyl-piperidyl- 
2V'-methyLpiperid6ine de constitution non encore determinde. L’etude 
de cette base promet d’int^ressants r^ultats, mais, malheureuseraent, 
le corps ne s’obtient qu’avec des rendements tr^>s m^diocres. 11 faudra 
pour oela faire les operations necessaires sur une grande 4chelle. 



La inatiere premie^re pour la preparation de Tacide glutarique etait 
constitute, d une part, par la cyclopontanone qui fournit par oxyda- 
tion nitrique uii melange dans lequel prtdominent les acides gluta- 
rique etsuccinique, d’autre part, par les eaux mei*es apres la cristallisa- 
tionde Tackle adipique prepart j>ar oxydation nitrique du cyclohexanol 
du commerce, (^.es eaux meres renferment environ 50% d’acide gluta- 
rique a cotc des acides succinique et adipique. Pour Tisolement de Tacide 
glutarique uue strie de procedts ont ett pro}X)8ts qui consistent soit 
k 1 extraire par le benzene, soit k ethtrifier ie melange et fractionner 
les ethers obtenus. Malheureusement, aucun de ces precedes n’est 
capable de fournir Tacide glutarique de purete telle que Texigent nos 
recherches. Par centre, nous obtenions d'excellents resultats par se- 
paration a Tetat de sels de baryiim, procodt qui a ete publit depuis®) 
et qui s’applique au cas oil le mtlange renferme a c6te de Tacide 
glutarique de Tacide succinique. En y apportant une legere modifica- 
tion le procede peut etre utilise meine en ]>resence simultante des 
acides succinique ot adipique. 

La methylimidc glutari({iie a etc preparee — de maniere analogue a 
celle de Tacide succinique — par distillation du glutarate acide de 
methylammonium. (bmme produit accessoire, on obtient la bis- 
mtthylamide glutarique. 


Partie experimoiitale. 

Preparation du glutarate de baryum. 

a) A partir de la cyclopentanone. 

La cetone cyclique a ete oxydee de la mauien^ habituelle.^) 2kgde 
cetone ont donne 2860 gr d un mtlange d'acides dont la neutralisation 
a la baryte caustique a fourni 1 kg et demi environ de sels presque 
insolubles, renfermant surtout le succinate de baryum, et 5 kg de 
glutarate de baryum })ur recristallise, de composition 

b) A partir des eaux meres apres Tacide adi])ique. 

4 kg de melange d’acides ont et6 debarrasses d’acide azotique par 
un chauffage prolong^ a 130?. Aprds separation de la majeure partie 
de Tacide adipique, le residu a ete transforme en sels de baryum. Le 
succinate et Tadipate de baryum sent meins solubles It chaud qu’4 
froid, oe qui fait que les cristaux qui se deposent apr^ refroidissement 
du filtrat chaud sent femes par du glutarate de baryum pur. I^e poids 
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<l6 matiere premiere signal^ plus haut a ici encore donno 5 kg de 
glutarate de baryum pentahydrat^. 

L’acide ghitarique, de son sel barytique par de Tacide sulfa- 
rique, se separe en gros cristaux limpides rappelant ceux de I’acidc^ 
eitrique. T1 fond a 98^. 

M(5thylimide glutarique. 

1 mol. d'acide glutarique a et(^ dissoute dans son poids d ean, ])uis 
neutralised partiellement au moyen d’un^ solution aqueiise d’ 1 mol. de 
m^thylamine. La solution do glutarate acide de medhylammonium ainsi 
obtenue a 6t6 soumise a la distillation. Les fractions suiv antes ont etc 
recueillies: portion aqueuse passant au-dessus de 105®, portion interme- 
diaire allant jusqu’a 200®, portion imide de 200 a 250®. l^a redistilla- 
tioTi de la portion interme^diaire donne de nouvelles qiiantites 
d’iinide. Le residu dans 1e ballon est eonstitue par la bis-m^tliyl- 
amide glutarique. 

Le point ddbullition de la m^thylimide est entre 24^0 et 241®. II 
arrive souvent quo les distillats de ra^thylamide glutarique present ont 
une belle couleur bleue. II suffit alors d'une seule distillation dans le 
vide pour les avoir incoloros. Sous 12 mm de mercure, le point ddbulli- 
tion est a 125®, sous 17 mm, entre 130 et 133®. 

De la maniere d^crite, 500 gr d 'acide glutarique ont donne 380 gr 
de methylamide glutarique fusible a 33®. 

Analyse: 

Substance: 0*2955 gr. 0*2044 gr; OOg 0*6110 gr. H/J 0*1894 gr; 

A ^2 20*22 cc (17*3®, 751 mm). 

(127*08): Oalcule C 56*7®/„ H 7*1%, N 11*0%. 

Trouve C 56*4%, H 7*2 ®/o, N 11*2®/,. 

Bis-m^thy] amide glutarique. 

Le residu dans le ballon distillatoire a etc cristallise d'abord dans 
im melange de chloroforme et de benzene, puis dans Fac^tone. C'Os 
operations ont donn^ un produit incolore, fusible a 127® (corr.) qui 
— d’apres sa teneur en azote — s’est revele etre de la bis-nietlivL 
amide glutarique. 

Dosage d'azote: 

Substance: 7*423 m.gr; 1*176 cc (20®, 733*3 mm), 

(158*13): Calculi N 

Trouve N 17*8®/o. 
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Note, Dans le manuel Beilstein (4^“® Edition, tome IV, page 63) 
on voit figurer sous le nom de bis-m^thjdamide glutarique, d’utie part, 
le produit obienu par Meerburg (if. 18, 373), et fusible k 126®, 
(F autre part, celui d’Henry {Bull. [2], 43, 619) et fondant entre 
113 et 115®. Dans ee dernier cas on ne pent decider (pas m6me en 
consultant le memoire original) s’il s’agit d’un d6nv6 de Taoide 
glutarique on d'un derive pyrotartrique. Quant a notre produit, il cor- 
respond aux indications de Meerburg. 

Riuluction eleetrol ytiq ue de la A^-methylimide glutarique. 

Nous avons ojier^ suivant le procede Tafel elabore pour la succin- 
imide. Une solution renfermant 250 gr de methylimide dans 750 cc 
d'acide sulfurique a 50 % a (5te traitee par un courant d'environ 50 amp. , 
av^ec une densite de 10 a 15 amp. pour 1 dm carre. 

Eli tout, trois essais ont etc effeetues. Dans le premier la consom- 
rnation de courant a etc trois fois la quantitc tluHirique nt'oessaire pour 
la rcxl notion 

CH, CH^ 

(11., CIL, (Ih 

I ! +- 4// - I “ I ‘ I //./> 

(K) (Y) rWg (Y) 

N . , N 

I I 

(W, rH^ 

Dans le deuxieme essai,eile n'atteignait que le double, dans le dernier 
essai, lexers de courant ne s’elevait qu’a 10%. Au debut, T^lectro- 
lyse s’effectue sans d^gagement d’hydrogene, et ce n’est qu’apr^s la 
transmission de la quantit^^ de courant correspondant a la reduction 
d’un groupe carbonyle qu'il commence a se faire sentir. La reduction 
termin4e, le liquide reactionnel a 6t6 alcalinise par de la baryte caus» 
tique, et les bases volatiles raises en liberte ont ete chass^es par un 
(H)urant de vapeur d’eau. Le distillat a ^te neutralist par HCl et 
tvapore a sec. Cc qui restait dans le ballon distiUatoire, a ett privt de 
sulfate et de Fexces d’un Ba \ puis debarrasst de Feau par distillation 
a travers une colonne de deflegmation. Le residii a ett soumis k un 
fractionnement. 

Les rendements en produit et la consommation de courant sont 
rcuuis dans le tableau que voici: 
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Mis en oeuvre 

Pr^pfl^ration m^thylimide courant 


Obtenu 

|)iX)eridono piperidine 


I 

II 

III 


250 gr 600 Amp. heurea 

250 gr 430 „ 

330 gr 293 „ 


35 gr 1 20 gr 

87 gr 90 gr 

200 gr 17 gr 


Comme piperidine figurent dans ce tableau lea deux bases ensemble, 
oelle qui bout bas et celle a point d’ebullition eieve. 


A^-methylpiperidone. 

1.^ produit neutre extrait de toutes les preparations et distillant 
entre 221 et 225® sous la pression atmospherique, ou entre 112 et 115® 
sous 19 mm de mercure, a ete reconnu comme etant de la iV^-methyl- 
a-piperidone. En effet, il donnait aussi la combinaison double caracte- 
ristique (point de fusion 118 — 120®) avec le chlonire mercurique.'^) 
L’action du bromure de /i-propylmagnesium aur la A^-methylpiperi- 
done produit la l-methyl"2-w -propyl-3. 4. 5. 6-tetrahydropyridine dont 
les propri^tes et le passage aux bases coniciques naturelles fora Tobjet 
d’uno recherche ult^rieure. 


N- rnethyJpip<^ridine. 

Les hydrochlorures des bases ont ete dedoubles par de la leasive 
alcaline, le produit a 6t(^ s(5ch6 par KOH solide, puis fractionne au 
moycn d’une colonne de Widmer, La majeure partie des bases a passe 
entre 106 et 107®, le residu de la distillation pa-ssait entre 255 et 
265® (corr.) k la pression atmospherique, entre 129 et 130® sous 10 ?nm 
de mercure. Afin d'identifier une fois de plus la base p. (rob. 
106 — 107® avec la A^-methylpip4ridine, une partie en a ete transformee 
en chloroplatinate. Recristallise dans Talcool diluo, le sel fondait 
207® (non corr.).®) 

Analyse: 

Substance: 11*812 ?ngrr, Pf 3*800 
(608*2): (.^alcuM 

Trouv^ Pt 32*2%. 


Base a point d’^bullition eleve. 

EUe est caract4ris6e par son instability qui rappelle k celle qxie 
Ton rencontre chez les bases hetyrocycliques incomplfetes A I’air, 
elle ne tarde pas k brunir et s^pare des goudrons. Le point d’^bullition 
k la pression atmospherique est pen net. 


5 
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Analyse: 

Substance: 0*1119 gr; 0*2284 gr; CO^ 0*3017 gr\ H^O 0*1142 gT\ 
ATg 29*0 re (2P, 753 mm). 

(194*19): Calcule C 74*2%, H 11*4%, N 14*4%. 

Tr()iiv(^r 73*5%, H 11*4%, .V 14*4%. 

1-je chloroplatinale de la base est assez soluble dans Teau, insoluble 
dans Talcool. T1 fond peu nettement entre 129 et 130®. 

Analyse: 

Substance: 10*839 mgrr, P/ 3*491 yngr. 

Pi (604*1): Oalcule 32*3«/.,. 

Trouve 32*2%. 

IjC cMoroaiirata sc 8e{)are a Tetat d'une huile qui devient bientot 
solide. On le purifio en pr(?cipitant sa solution alcoolique par Teau. 
Point de fusion 100 -103®. 

Analyse: 

Substance: 10*349 mgt, Av 4-659 mg) , 

(874*3): Calculi 45*0%.' 

Trouvt*^ 45* 1 %. 

Insiiiut de (him it orgnnique 
de, VEcoJe Polytechniqve tchkque 
a Prague (Tch^co^lovaqvie). 

Bi bliographie: 

*) Trt£<*l et Sterii: Her. 1900, 33, 2224. 

*) E. 8 path: Monatah. 1929, 30, 349. 

*) Boedtker: Chem. Zenfr. 1932, T, 3054. 

*) WiftlicenuR et JHentschel: Annalm 1K93, 273, 315. 

") Rath: Annulen 1931, 4S9. 113. 

") Merling: Ammlen 1891, 204, 322. 



SOLlIBIIilTY OF THE HYDRATES OF MANGANOUS SULPHATE 


by J. H. KftKPELKA and B. RKJHA.*) 

The present paper covers that part of our investigation of the 
hydrates of manganous sulphate in which the solubility curve of this 
salt was determined and its course analyzed. 

The dissolution of manganous sulphate is a comparatively slow 
process, saturation being attained, especially with the lower hydrates, 
only after a considerable length of time. It was therefore accelerated 
by means of a 8|>ecial shaking apparatus, similar to that of K iister.**) 

The temperature of the bath was maintained constant within O P (' 
by a gas regulator. This is quite sufficient, because a more exact regu- 
lation of tem[)erature does not lead to a better mutual acjcord between 
separate measurements, the error being about 0*P*4 and, with the 
monohydrate, still higher. 

The concentration of the saturated solution was estimated by eva- 
porating a weighed amount of it and dehydrating the residue uj) to 
the anhydrous salt which was weighed. 

Before weighing the solution it was necessary to free it from solid 
particles of manganous sulphate by filtration or by means of a centri- 
fuge, which was used regularly with all strongly turbid solutions 
(suspensions of fine crystals). In this manner clarification was attained 
in a very short time, about 30 minutes. Only the strongly turbid so- 
lutions of the monohydrate when their temt)erature was nearly that 
of the room, were, of course, treated longer, or left at rest for several 
hours in the bath and then quickly separated from the solid phase. 

Above 35** C the centrifuge cannot be used at all, because the con- 
centration of the solutions changes on cooling, the solution becoming 
more concentrated with the monohydrate and more dilute with the 
other hydrates. 

*) Presented before the C€»skA Akadomio V^d a Umfinl (C'zech Academy of 
Science and Arts) November 10th, 1932. 

**) A. ^^tahler: A/and6. d. ArbeiUtmsih, t. d. anorg.Chem, 111. Bd., 1 913, p. 508, 
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The warm solutions were put into a weighing vessel which was 
quickly closed. The weighed solution (0-5 — 3 ffrs) was evaporated in 
a drying oven at 90® C), the crucible being covered, because in an open 
one a crust soon appears on the surface preventing further evaporation. 
The solid residue was then slowly heated to 150® and finally entirely 
dehydrated in a small electric furnace. 

Solubility of the pentahydrate, rnonohydrate and tetra- 

hydrate. 

It has been shown in an earlier paper^) that a solution of manganous 
sulphate at ordinary laboratory temperature is usually in equilibrium 
with the solid pentahydrate. For this reason the solubility curve of this 
hydrate was first determined. 

The results of separate measurements were plotted as a graj)h with 
temperatures as abscissae and numbers of grams of MnSO^ dissolved 
in 100 grams of water as ordinates. The four independent values found 
for each temperature generally differed slightly from each other, V)ut 
lay always within a nan’ow l)and the width of which corresponds to 
0*1 -0*3 gr per 100 grs of water and through the middle of which 
i\ smooth curve can be drawn up to 35® (\ At this temperature the eui ve 
turns downward in a right angle. At 40® the independent values 

ore wholly discordant the ap})earaiice of the substance having chang- 
ed simultaneously. The small crystals became more tiny and lost 
their transparency. Analysis indicated a mixture of tl)e penia- and 
the monohydrate. 

Above 40® (' the points again lie on a curve rising, honever, less 
steeply than that corresponding to the pentahydrate. This new euia e 
belonging evidently to the tetrahydrate has, however, a short course, 
its direction changing at 47*1® C and the points found becoming scat- 
tered to a broad band at 50*2® (\ At the same time the crystals disin- 
tegrated into a fine, white-rose-coloured ]>owder. Analysis shows that 
the tetrahydrate has changed to monohydrate. 

When the temperature was increased further, difficulties arose; the 
results obtained from different bottles revolving simultaneously in the 
bath differed by whole grams per 100 grs of water. Only when the 
time of dissolution was lengthened (up to 52 hours with periodical 
shaking), the originally wide band within which the results lay became 
nan‘ow and changed eventually to a curve. The solubility curve of 
the monohydrate was followed up to 95® (\ 


1) CoUecHm 1933, 517. 
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A saturated solution of the monohydrate was prepared by heating 
the solution with an excess of the solid salt for a longer time to a tem- 
perature considerably higher than that at which the saturation was 
required, or by dissolving the monohydrate in pure water (separation 
of the same amount from solution being considerably slower than its 
dissolution). 

In following up the solubility curve of the monohydrate below 50® ( ) 
it was practicable to shorten the time of dissolution to a few hours. 
Below 30® C, however, this was necessary, because the monohydrate 
changed easily into the pentahydrate. The lowest temperature at which 
tha solubility found (67-4 grs per 100 grs of water) falls on the same 
smooth curve as at higher temperatures was 13*1® C. This temperature 
was maintained in a thermostat standing in free cold air. Further 
experiments at still lower temperatures gave too low results. The lowest 
temperature used was 4*0® V. Its constancy could be maintained within 
0*1 4)-2®C by carefully adding snow to the bath. 

Further the solubility curve of the j)entahydrate was traced below 
20® (I Up to 10® C this curve could be followed up very easily. At 
lower temperatures, however, only sonje of the corresponding results 
fell in the direction indicated by the determinations made at higher 
temperatures, the others being abnormally low. The last value falling 
on the smooth curve was 58*3 at 4*3® i\ 

As is seen from the diagram (Fig. 1), the curve for the [xmtahydrate 
int^rsoc’ts that for the moiiohydrate in a point corresponding to 24* I® U 
and 04-0 grs of per 100 g7s of water. This temperature is not 

the transition point of the pentahydrate into the moiiohydrate. The 
solubility of the pentahydrate was determined also at a temperature 
which was by 13® higher. Even at a still (by a few degrees) higher 
temperature the pentahydrate crystallized from the solution, whereas 
the monohydrate never separated from a solution saturated at 24® C. 

The solubility curve of the tetrahydrate below 40® U w^as followed 
up to 16*4® Vj (63*7 grs). Below this temperature the results were too low. 

The diagram shows that the tetrahydrate and the moiiohydrate have 
the same solubility (64-9 grs) at 23® C. The tetra- and the pentahydrate 
have the same solubility (65-5 grs) at 26*0® V. 

However, the tetrahydrate does not turn into the moiiohydrate at 
23® C similariy as the pentahydrate does not change into the mono- 
hydrate at 24® C. On the contrary, the temperature of 26® C is a real 
boundary between the field of existence of the penta- and that of the 
tetrahydrate: below 26® C generally the pentahydrate, above this tern- 
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fierature generally the tetrahydrat© crystallizes from the solution. The 
curve of the tetrahydrate is not the lowest one between any tempera- 
ture limits. In spite of this the tetrahydrate does not behave as a me- 
tastable phase, but is, on the contrary, the quite usual, commercial 
form of manganous sulphate, separating from the solution up to 45® C. 
In our former paper (1. e.) we attempted to explain this behaviour 
as a phenomenon of polymerisation. The monohydrate is thus a bimeric 
form, but because the bimerisation proceeds readily only above 45® C, 
preferably one of the other hydrates having simpler molecular consti- 
tution, i. e. either the penta- or the tetrahydrate, separates from the 
solution below this temj)erature. 

On the same basis f)erhaps also the difficulties might be explained, 
which arise in determining the solubility of the monohydrate (namely 
the slow attainment of saturation of the solution). With other hydrates 
we are concerned with determination of the conc;entration at which 
the particular solid phase is in equilibrium with the solution. With 
the monohydrate, however, more different equilibria must be consi- 
dered: 

1, polymerized solid substance and a solution of unpolymerized mo- 
lecules, 

2, polymerized solid substance and a solution of polymerized mo- 
lecules, 

3. unpolymerized solid substance and a solution of unpolymerizod 
molecules, 

4. unpolymerized solid substance and a solution of polymerized mo- 
lecules. 

The degree of polymerization depends perhaps on the conditions of 
the experiment, and because these conditions are not quite the same 
in individual estimations, the degree of polymerization can be diffe- 
rent in every instance, and the equilibrium is attained at a different 
concentration in each case. 

Solubility of the heptahydrate. 

In tracing the solubility curve of this hydrate the difficulties centred 
in maintaining the temperature constant for a long time below 0® C. 

In winter it sufficed to fill the thermostat with brine instead of 
water and to use an ordinary thermoregulator. In summer a freezing 
mixture was indispensable. Such an arrangement is described by 
Roloff.*) In an ordinary freezing mixture of a salt with ice the tem- 

*) Z, phffsihal Ohem, 1S96, 2^, 571. 
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petature never remains constant for a long time» such a mixture having 
not the properties of a eutectic. For this reason we must add to a rough, 
inhomogeneous mixture, which is, however, at a considerably lower 
temperature than is required, a concentrated solution of the salt. 
This solution then freezes out, until the eutectic point is reached. The 
remaining liquid then keeps this temperature constant until it is entire- 
ly frozen. According to (xuthrie®) we used for obtaining the temper- 
ature of — 8®(^ barium chloride, and for — 10® (' a mixture of this 
salt with potassium chloride. The outer vessel was filled with a mixture 
of crystallized calcium chloride and ice. 



During the work with the heptahydrate care was taken that the 
bottles were not warmed too much, in order that the crystals of the 
heptahydrate should not be changed on the surface into the penta- 
hydrate. Above 0® C the curve of the heptahydrate could be traced 
up to 10*3® C (60*7 grs per 100 grs of water.) At a higher temperature 
the values found fell always on the curve for the pentahydrate. Below^ 
0® C the curve follows its course down to — 11*4® C. At this tempera- 
ture the solution freezes in its whole extent, the eutectic mixture 
having the composition: 47*7 grs of MnSO^^ per 100 grs of water, or 
32-3 ®^ of the sulphate and 67-7% of water; this mixture is thus 
2*14-inolar, as was mentioned already in our earlier paper (1. c.). 

The solubility curve of the heptahydrate intersects the curve of the 
pentahydrate in a point corresponding to 8*6® C and 59*6 grs of MnSO^^ 
per 100 grs of water. The temperature of 8*6® C is thus the higher 


•) Bern. Wisd, Ann. 1877, J, 1. 
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limit of stability of the heptahydrate. Up to this temperature the 
heptahydrate crystallizes from the solution, the pentahydrate separ- 
ating at higher temperatures. Our first rough estimation of this tran- 
sition point of the heptahydrate into the pentahydrate, made by in- 
vestigating the solid phase crystallizing out at successively higher and 
higher temperatures, is in full accord with this more exact result. The 
agreement with CottrelPs value (9®C) is good. 

The apj>ended diagram, Fig. 1, gives all the equilibrium curves 
obtained, including the freezing point curve of the solutions connect- 
ing the eutectic point heptahydrate-ice-solution with the freezing 
I)oint of pure water. 

The course of all these curves corroborates the results already pub- 
lished in onr previous paper (l.c.). The solubility of manganous sul- 
phate was investigated from the above-mentioned eutectic point up 
to the boiling point of the saturated solution. Only the existence 
of a hepta-, a penta-, a tetra- and a monohydrate could be ascertained. 
Other hydrates which are mentioned in literature, namely the hexa- 
hydrate, a second form of the tetrahydrate, the tri-, the di- and the 
hemihydrate do not appear on our diagram. 

The boiling point of the saturated solution of the mono- 

hydrate. 

As to this boiling point at atmospheric ])ressure Brandes^) gives 
a value of 102- Mulder a value of ]02’-9®C. 

Our solution saturated originally at about 7()‘0' boiled first at 
J01*7^*C the pressure being 746 mrns. The boiling point of pure water 
is 99*48® C at this pressure, so that the solution would boil at 102*2® (- 
at a pressure of 760 mrm. This solution began to grow^ turbid in a few 
minutes, a crust separating on the bottom of the vessel. The boiling 
point fell gradually and after two hours the solution, which had cleared 
up, boiled constantly at a temperature of 100*1 to 100*2® C. To a pres- 
sure of 760 mrm would correspond a boiling point of 100*6 to 100*7® 0. 
The result of another experiment was quite the same. It is apparent 
from this that both investigators mentioned above had prepared a sa- 
turated solution at a lower temjierature, and determined the boiling 
point of this solution when it was still supersaturated at the higher 
temperature. The concentration of the saturated solution at its boiling 
point of 100*7® C is, according to the diagram, 35*2 gtrs per 100 (jrrs 

♦) Scheikund. VerhandeL, 3. det^l, 3. stuk, p. 135, Rotterdam 1864. 
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of water (26*1% of Mn80^\ at a temperature of 100*2<*C the con- 
centration is 36*4 grs per 100 gra of water (26*2% of MnSO^, 

Numerical values of the solubility. 

The values of solubility of manganous sulphate found in literature 
are often wholly incorrect. For practical laboratory use our curve may 
he found convenient. The more important data are summarized in the 
accompanying table. Where two or three concentrations are given, the 
first one corresponds to the hydrate which is most stable at the given 
temperature, whereas the last value belongs to the least stable hydrate. 



Nuin 

her of avH of 

Number of 

grs of 

Number of moles of 

Temperature 

MnSO^ per 100 grx 

MnSOf, 

per 100 qra 

MyiSO^ per 1 kq of 



of water 

of solution 

solutK 

»ri 

11*4 


47-7(\ «) 


32*3 



2*14 


10 

48* J(®) 

45*7(«) 

32*4 

31*3 


215 

2*08 


5 

50*2(«) 

30-3(‘‘) 

33 4 

23*3 


2-22 

1*54 


0 

52*9('') 


340 



2-29 



5 

50*4('^) 

59-l(') 

30*1 

37*2 


2-39 

2*40 


10 

59-8(’) 

01 (®) 08*4(») 

37*4 

37*8 

40- 0 

2-48 

2*50 

2*09 

If) 

OM(’) 

03*6(») «7*1(»| 

38*2 

.38*8 

40-2 

2*52 

2*57 

2*60 

20 

02 * 8 (’) 

04-3(‘*) 65*7(‘*) 

38*0 

39*2 

39*0 

2-55 

2*59 

2*63 

25 

05* lO 

05*3(») 04-4(®) 

39*5 

39*5 

39*3 

20 1 

2*01 

2*00 

30 

OO-Sf) 

07*8(’) 02‘9(«) 

39*9 

40*4 

38-0 

2*04 

2*68 

2*50 

35 

f37*8(») 

0I-5(») 7]*4(’) 

40-4 

38- 1 

41*3 

208 

2*52 

2*73 

40 

09 (“) 

00 («) 

to - 8 

37-5 


2*71 

2*48 


45 

70*7(«) 

58*5(«) 

41*4 

30-9 


2-74 

2*44 


50 


50*9(<*) 


30*3 



2*40 


55 


55*2r) 


350 



2*30 


00 


53*5(«) 


34-9 



2-31 


05 


5I*0{«) 


34*1 



2-20 


70 


49 * 7 (’’) 


33-2 



2-20 


75 


47*0(») 


32-2 



2- 13 


80 


45*5(‘*) 


31*3 



207 


85 


43-3(») 


30-2 



2*00 


90 


40*9(») 


290 



1 *92 


95 


38-3(®) 


27*7 



1-83 


JOO 


35*5(®) 


26*2 



1-74 


100*7 


35*2(») 


26* 1 



1*74 



The solubility at other temperatures can be computed by graphical 
or numerical interpolation, for which we derived suitable formulae 
fitting the different parts of the solubility curve. 


®) In ec|uilibrium with the hcptahydratc as the solul phase. - ®) In ecpiilibriunj 
with ice as the solid phase. - - ’) The pf>ntahyr Irate. *) The monohydrate. - 
•) The tetrahydrate. 
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The concentrations, i^, of the solutions in equilibrium with ice at 
a definite temperature, t, can be calculated from the empirical equation 

K - 7-526 t — 6-290 + 0-000664 

which was derived by using experimental data for — 114, - 8 , — 5 
and 0 ® C. The concentration for — 8 ® C which is not given in the table 
was 41*5 grs per 100 grs of water. The values thus calculated are in 
very good accord with those found at all temperatures between — 1 1*4 
and 00 C. 

This kind of interpolation has been found unsuitable for the solu- 
bility curve of the heptahydrate. This curve, however, can be con- 
veniently considered as a part of a circle the centre of which has the 
coordinates — 26- 7® C and OfigrrtS and a radius equal to 50-7 (using 
appropriate units of length in drawing the difigram). In this way the 
solubility, K, of the heptahydrate is given by 

K ^ 96 — V f857-'6 -- 53-4 t K 

The values calculated according to this formiihi are very reliable. 

Similarly the solubility curve of the pentahydrate corresponds with 
a part of the circle 

(f 4 1-7)2 (if _ 118-2)2 _ 59.52 or 

K =- 118-2 1'3^8 — 3-4 r-- / 2 . 

The interpolation formula for the solubility of the tetrahydrate in 
dependence on temperature is 

K - 62-14 4 ~ 0-0485 t + 0-00321 

the constants being calculated from the solubilities at 18® (' (64 grs jjer 
100 grs of water), 30® and 45® C (see the table for the corresponding 
values). 

Also the solubility of the monohydrate at different temperatures 
can be calculated from a similar equation, 

K - 71-232 — 0-28296 t + 0-000581 - 0.00001318 ^ 2 , 

the constants being computed from the experimental values at 20 ®, 
40®, 66 ® (51*3 grs per 100 grs of water) and 95® C. 

From the solubility curves of the hepta- and the pentahydrate the 
melting points of these hydrates may be predicted by making the 
rather bold assumption that both curves retain their circle form also 
in the metastable region and extrapolating up to the point of inter- 
section of the vertical tangent to the circle and its horifeontal radius. 
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For the heptahydrate the melting point would then be tm, ^ o0*7 — 
— 26*7 24® C, as was found experimentally by us (1. c.) and also 

by Brandes. For the pentahydrate the melting point would be 
tm — 59-5 ™ 1-7 ^ 57-8® C, whereas our experimental value is 55® (' 
and that of Tilden 54® 0. 

It is to be noted, however, that these extra j)olations are incorrect 
as to the concentration of the solutions in equilibrium with the melt- 
ing hydrates, because these solutions should have the same compo- 
sition as the hydrates themselves, namely 119-8 and 167-8 grs of MnSO^ 
per 100 grs of water, whereas the concentrations indicated by the 
extrapolated melting points are 96 and 118-2 grs of Mn80^ per 100 grs 
of water. The rather good accord between the extrapolated and the 
experimental values of the metastable melting points is thus purely 
accidental. 

The tetrahydrate does not melt, as was ascertained also by earlier 
investigators, changing into powdery monohydrate on heating. Also 
the monohydrate does not melt, and because its appearance is similar 
to that of the anhydrous salt, its change into this form is not apparent 
during heating and can be established only by analysis. 

Summary. 

1. The solubility curves of the mono-, tetra-, ])enta- and hepta- 
hydrate of manganous sulphate were determined, only the existence 
of these hydrates being confirmed (see Collection 1931, 5, 517, Chem, 
Usiy 1932, 26, 165, 189). 

2. The observed solubilities of manganous sulphate between 1 1-4 
and 100-7® have been summarized in a table. 

3. Interpolation formulae for different branches of the solubility 
curve are given, facilitating the calculation of the solubility at any 
temj)erature tetween the limits investigated. 

4. The hepta- and the pentahydrate melt without decomposition 
at 24® and 65® 0 respectively, the extrapolated values of these meta- 
stable melting points l>eing in good accord with the experimental ones. 

From the Institute of Inorganic 
and Forensic Chemistry of the Oharlss 
University, Prague. 



ON THE STRUCTURE OF TR008TITE 


by A. GLAZUNOV.*) 

The structure of troostite was for a long time a problem to metallo- 
graphers. Even in 1901 Osmond*) considered it to be an almost 
amorphous substance occurring in steel as microscopic black spots. 
First in 1909 Le Ohatelier*) put forward the opinion that troostite 
is probably a very fine pearlite the laminae of which are only a few 
micro-millimetres thick. 



Kig. 1. 


Benedicks*) concludes, from the density and electric conductivity 
of troostite, that it must be an aggregate of ferrite and cementite in 
a state of such fine dispersion, that the individual phases cannot be 
distinguished from each other even under very high magnification. 
Thus he advanced the hypothesis that troostite is a colloidal solid 
solution of ferrite and cementite; indeed, our knowledge of the disin- 

*) Piiblishwl in Caech in Homiekii Vistnik 1932. 
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tegration products of austenite was at that time so meagre that even 
in 1916 an investigator as famous in the field of metallography as 
Rosen ha in*) could state that ''sorbite is as typically associated mth 
pmrlUe as is troostite with rnmtensite” ! 

First in 1917 Dejean,®) and almost at the same time Chevenard,®) 
Portevin,’^) and Portevin and (larvin*) ascertained definitely, 
in their classical researches on the course of decomposition of auste- 
nite and on the separation of the point into the points and Ar\ 
(according to the original paper of Dejean into the points A and R), 
that troostite is composed of the same phases as pearlite, because 
the change of austenite into troostite proceeds along the same curve 



Fig, 2. 


The course of the curve Ar\ shows, that the crystals of ferrite? and 
cementite become the finer, the higher is the velocity of cooling, until 
finally ‘‘spots'’ of troostite are formed on which no individual compo- 
nents can thereafter be discerneil. Thenceforward the phase change 
of austenite into martensite begins to procee^l along the eurv^e Ar'\, 
that is A M. 

What, then, is troostite from the metallographic point of view? On 
the sections at lower magnifications ( x 150 — 200) it appears as black- 
spots, as is beautifully shown on the micro-photograph (Pig. 2). At 
higher magnifications ( X 2000 — 3000) a troostite spot appears as a ro- 
sette composed according to Robertson,®) of individual rays of 
a ‘Tanlike’’ structure; however, as is apparent from the micro-pho- 
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tograph, the individual comjtonento of the pearlitio aubatanoe cannot 
be distinguished. 

It is clearly evident from the micro-photographs that the trans- 
formation of austenite into troostite proceeds from individual, compo- 
site crystallization centres (see earlier j)aper),“) but that owing to 
a high cooling velocity the growth of the crystals is stopped, so that 
the crystals grown from the individual crj'stallization centres cannot 
join together, and that the austenite remaining between them is 
transformed in accordance with the curve Ar'\ into martensite. It is 
clear, that in all the samples the micro-photographs of which are 
appended both transformations occuned (Ar\ as well as Ar'\). 



. 3 . 

From the micro-photograph (Fig. 3) it is seen that the crystalliza- 
tion centres from which the crystals of troostite grow (centres of the 
troostite rosettes) are placed at the edges of what were formerly 
austenite grains, which is selfevident, h'llowing from the generally 
valid laws of crystallization, for it is always at the edges of the grains 
that heterogeneous admixtures accumulate, which, in the event of 
supercooling, become nuclei from which crystallization begins and 
proceeds. 

For comparison a micro-photograph (Fig. 4) is reproduced, showing 
the process of transformation of the metastable modification of benzo- 
naphthol into the stable one (benzonaphtholn » benzonaphtiioli). The 
photograph was taken during the process, which lasts a few days at 
room temperature. We may symbolize the transfonnation of austenite 
into troostite by ^4 * T. 

(bmparing both micro-photographs we see a striking similarity 
Itetween them, except that the individual rays in a troostite rosette 
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are so fine that they cannot l:>e discerned under the microscope, where- 
as they are visible in the benzonaphthol. That the troostite spots 
are formed by an innumerable amount of very fine individuaJ crystal 
needles grown from one crystallization centre is recognized also by 
Robertson^^) who studied this fanlike structure in detail and by 
Lucas^*) who states expressly, that a troostite rosette is composed 
of a great number of radial grains grown from ^he same crystalliza- 
tion centre. 



Fig* 4. 

The phenomenon, that crystallization proc^eeds in all directions from 
one single centre, is quite normal. It is interesting, however, that such 
crystallization centres arising in the transformation of austenite into 
fiearlitic phases (ferrite and ceinentite) are observed only at the ma- 
ximal depth of supercooling at which the process A ^ P along the line 
Ar\) can proceed. During formation of the lamellar pearlite we observe, 
it is true, individual ‘"grains” cf pearlite, but each of them is composed 
of a series of parallel laminae of cementite and ferrite; it is, however, 
impossible to ascertain the original crystallization nucleus of such 
a grain. The questions of formation of pearlite and of its crystallo- 
graphic-metallographic properties were studied fully by N. Belajev*^) 
and will not thus be treated here. 

But why should troostite be distinguished from f)earlite by another 
and more normal crystallization process ? 

-During the last 6 — 7 years the structure of troostite was again 
investigated, ma;gmfication8 several times higher being possible owing 
to the advance of microscopic technique. Thus the internal structure 
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of the troostitic grain could be seen in several instances. At a very 
high magnification, the same lamellae of cementite and ferrite were 
observed as in pearlite. Thus Mrs. A. Schraeder^*) established, by 
etching troostite with a 1% nitric acid solution in alcohol, and at 
a magnification x 3000, that a troostite ^Vosette’’ is composed of 
a whole series of grains, each of which showed the laminar structure, 
all lamellae of one individual grain lying parallel to each other, i. e. 
that troostite has the same structure as pearlite, but more finely la- 
minar. The same result was arrived at also by Green. 

In the present author’s opinion, however, the discoveries of Schrae- 
der and Green not only did not settle the question of the structure 
of troostite, but even complicated it unduly. Before these discoveries 
it was at least clear, how a troostitic grain grows. 



Fig. 5. 


The confusion was removed, however, by Lucas,^®) an author al- 
ready quoted, in a paper communicated to the Inteniational Congress 
of Engineers in Tokio. (Unfortunately the present author had at his 
disposal only a short abstract of this important pajw on the structure 
of troostite.) Lucas states and supports his statement with a series 
of micro-photographs at a magnification x 3000, that the composition 
of a freshly formed ‘‘troostite rosette” is not resolvable even at the 
highest magnification, because the thickness of the individual rays 
growing from the crystallization centre is less than that observable 
with visible light. After a certain time, however, lamellae do appear 
in the troostitic rosette, such as were described by Schraeder and 
Green, i. e. a further, secondary recrystallization process sets in, 
or as may be said perhaps more properly, a segregation of the indivi- 
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dual pha4ie8 of troostite into larger ory»tal units — a normal tendency 
of every system towards diminution of free energy and increase of 
entropy. Belajev^’) measured the visible interlamellar distance and 
found it to be 100 micro-millimeters. From this he calculated also 
the thickness of the lamellae to be about 250 A. units, or below the 
possibility of an exact observation in visible light. The raicro-photo- 
graph Fig. 5 of this disintegrating troostite made in the laboratory 
of the present author is very similar to that from the quoted paper 
of Belajev. The laminar structure of troostite is clearly visible. 
However, this structure can be discerned only on certain grains in 
the remaining troostite rosette (about 50%), the other i)arts of the 
rosettes are either radiated or amoi^hous. 

Relying on the work of Lucas, Belajev thinks that the primary 
structure of troostite is lamellar like that of pearlite, and considers 
the original fiearlitic rosettes of troostite^ to be a product of an unfi- 
nished process of transformation of austenite into troostite. In the 
opinion of the present author^ however, the whole thing is more simple, 
and the work of Lucas explains the origin not only of troostite, but 
also of pearlite. In a paper on crystallites*®) the author put forward 
a hypothesis to explain the formation of homogeneous grains (idio- 
morphic or allotriomorphic crystals) either by the crystallization centre 
— under six^cial conditions of crystallization — consisting of one 
nucleus only, or more generally, by the homogenisation of individual 
crystals growing from one crystallization centre commencing and pro- 
ceeding even during the crystallization process. Tt is selfevident that 
this homogenisation will pr(X5eed the more easily, the higher the tem- 
perature (i. e. the lower the 8uperc?ooling), and also the more simple 
the structure of the crystallization centre, i. e. the smaller the number 
of nuclei contained in it. 

The influence of a composite crystallization centre is evidently more 
pronounced, when the disintegrating phase is saturated, and even- 
tually supersaturated with two or more components at the same time, 
i, e. when the transformation proceeds during the formation of a eu- 
tectic mixture. In this instance there results in a composite crystalli- 
zation centre always a “struggle for existence/’ between the individual 
crystal nuclei, whereby the heterogeneous nuclei hinder the aggregation 
of particles of the same phase, so that even the best result of this 
secondary process cannot be, of course, a homogeneous grain. One 
cannot speak: here of a homogenisation, but only of a segregation, or 
of a grouping of individual phases, and that until the moment when 



an equilibrium is established between the tendency to form crystals 
with minimum surface within each phase and the friction between 
the heterogeneous phase particles. (Compare a paper by the present 
author and Matweiev.^*) The velocity with which this process goes 
on in the interior of the crystallization centre defines also the final 
degree of complexity of the crystallization, that is the number and 
fineness of the rays. 

Of course, this process proceeds not only within the interior of the 
crystallization centre, but later on also between the individual rays of 
the crystallite formed. 

Entirely the same is valid for the process of a phase transformation 
in the crystalline state, i. e. in our instance for the disintegration of 
austenite and formation of |>earlitic phases. From all pearlitic structures 
arising from the decomposition of austenite, as already mentioned, 
the troostite has the greatest depth of supercooling, i. e. the least 
favourable conditions for the segregation process, and at the same 
time — because of the higher supercooling — also the (iomplexity of 
the crystallization centre must be greater in troostite than in ])earlite. 

As has been shown by Belajev,®®) in the instance of such a high 
supercooling as occurs in the formation of troostite, the eutectoid 
interval, that is the range of concentration at which the disintegrating 
austenite is saturated with both components, is very large (from 0 4 
to F2%), and within this interval the troostitic stnictuie is usually 
observed at the necessary maximum of supercooling. This explanation 
of Bela je V shows, in addition, why also with different carbon contents 
in troostite a complex crystallization centre is found, composed always 
of two phase species of crystal nuclei. 

As the time goes on, however, the tendency towards homogenisation 
is apparent also in the rays of the troostitic rosette, and the weak, 
invisible rays of cementite and ferrite give then, on homogenisationf, 
a visible lamella of these phases. Accepting this explanation, we can 
explain also the phenomenon that pearlite has no visible crystalliz- 
ation centre, and that it appers always (in the disintegration of austen- 
ite) in the form of lamellae. The origin of this laminar form of pearlite 
is, as in troostite, a result of the secondary process of homogenisation, 
but because the temperature at which the crystallization of pearlite 
from austenite proceeds is higher tiian that of the crystallization of 
troostite, the process of homogenisation goes on much more quickly, 
so that the crystallization centre formed originally in the disintegrating 
austenite cannot even be observed. 
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It remains to explain on the basis of the above mentioned assump- 
tions on the crystallization of j)earlitic phases, why they have the 
lamellar form. 

To answer this question is still impossible, but perhaps it may be 
said tentatively that a lamella is some kind of a compromising external 
form between the needle-like structure of ceraentite and the cubes 
of ferrite, being convenient for both the cubic system of ferrite and 
the rhombic®!) one of cementite. That no larger crystals could freely 
be formed from the original rays of these phases, which hindered 
each other in growth, has perhaps contributed also to the formation 
of a lamellar structure. 

The author is at present attempting in his lal)oratory to establish 
(or to disprove), experimentally, the conclusions presented in this 
paper. 

The Institute of Theoretical Metallurgy, 
High School of Mines, PHbram, Bohemia, 
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HYmuim DES PHfiNOETHYLPYKAZOliONES 

par B. VOTOCEK et K. VALENTIN. 

n y a quelque temps, Tun de nous, en collaboration avec O. Le- 
minger, a d^crit dans cette ,, Collection''*) la preparation d’une non- 
velle hydrazine aralcoylee, la phenoethylhydrazine, par action de la 
diamide but le chloruie de phenoethyle. En vue de caraoteriser 
cette nouvelle base, nous Tavions transformee en plusieurs derives 
aisement cristallisables, tels que le derive oxalique. dii)enzoyie, la 
semicarbazide et la thiosemicarbazide oorrespondantcs, etc. 

Depuis, retude des derives de la phenoethylhydrazine a ete poiir- 
suivie dans notre laboratoire, notamment pour von* si quclqiies-uns 
parmi eux ne pourraient trouver une application therapeutique. Ce 
qui nous a surtout interesse c’etait la question de savoir si notre base 
serait susceptible de donner des pyrazolones analogues k celles qui 
naissent de la condensation de Tether acetyloacetique (ou de ses homo- 
logues) avec la phenylhydrazine. CTest quo la phenoethylhydrazine 
nVst pas un simple homolo|jue alcoyie de la phenylhydrazine, mais 
une sorte d’homophenylhydrazine grasse-aromatique dans laquelle le 
groupe phenyle est assez eloigne de Tazote hydrazmique entrant dans 
la condensation. 

Dfes le premier essai nous avons pu nous assurer que notre pheno- 
ethylhydrazine reagit tres faeilement avec Tether acetyloacetique en 
formant le derive heterocyclique attendu, c’est-k-dire la 1 -pheno- 
ethyl-3-methylpyrazolone (5) 

67/2 - ~CO ~CH^ 

I'O ^ NH^ - (\H/)U ^ 

\ / 

H N—CH^ . CH^ . C\U, 

I II 

f CO N (I) 

N--(7Ht . CHi . (\H^ 

♦) OM. 1932, 4, 271. 
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Les homologaes de I’^ther ao6tyloao4tique (Others slcoylds) se cnn- 
densent, eux aussi, avec la ph6no6thylhydrazine, bien qu’avec moiiiH 
de facility, c’e8t-^l-dire moins 4nergiqueraent. (J’est ainsi qu’avec Tether 
m^thylac^tyloac^tiquo on obtient la 1-j)heno(^thyl-3 . 4-<lira<5thylj>.’\ - 
razolone (5) 

i II 

CO N (U) 

La nouvelle pyrazolone fondamentale (I) pent etre transformee de 
maniere analogue k eelle utilitice pour la pyrazolone ordinaire (1-phe- 
nyL3-n)ethylpyrazolone-5). Jusqu’ii; present, nous avons prepare son 
de^riv^ nitros<^ (par action d’acide azoteux), puis, ]:)ar sa reduction, 
le derive amino. Ce dernier, nous Tavons isol(5 a F^tat de son compose 
benzalique aisement cristallisable, dont la decomposition par I'acide 
chlorhydrique nous a donn^ Thydrochlomre de la base amin^. Ce sel, 
renferrnant deux moJ^cidesd'acide chlorhydrique, perd facileraent H(^I. 
De Fhydrochlorure les alcalis mettent en libert/^ la pyrazolone amintk* 
qui, toutofois, est tres instable subissant I’oxydation ave(* une grande 
faoilito. 

lors de la preparation do Taminopyrazolone par ri^Hluction 
au moyen de zinc et d’acide ac^tique, avec traitement ult^rieur par 
Faldehyde benzolque, nous avous pu constater que le produit de re- 
duction a une tendance marquee a separer un produit (Foxydation 
de l>elle couleur rouge intense. L’analyse a montre que e’est un corpus 
tout A. fait analogue k r„acide rubazonique“ de Knorr, et que 
pimr 6tre brefs, nous appellerons. provisoirement , acide homo- 
rubazonique. kSa formation se laisee figurer par le schema suivant: 

-C - NON + H^O 

il I 

N CO - NH^OH \ 

\ 

1 -ph^no6thyl - 3 -methyl -i-isonitroso - 
pyrazolone -5 

CH^—C^ CO 

" i 

+ .V CO 

\/ 

N—VH ^ . . C\H, 

dione interm^iaire hypoth^iqiie 



CH^—C—CO 

II I 
N CO 


+ H^N—CH~C.CH^ 

I II 

CO N 


\/ 

N,CHt.CHt.C,H^ 


\/ 


N—CH^ . CHt . CtH^ 


=- H^O + 


CHt—C—C=N--CH--C . CH, 

II I I II 

N CO CO N 

\/ \/ 

CeHs . CHt .CHfN N—CHt . CW, . C^H^ 

acide bomorubtusonique 


Des essais ulterieurs conceniaient la m^thylation de notr© pyrazo- 
lone. Un chauffage prolong^ pendant 20 heures, ©n tube soell^ ©t 
k 110 — 118®, avec I’iodure de methyl© en presence d’aloool mdthylique, 
nous a foumi le d^riv^ m6thyl4 

CU=C.CH^ 

lo k.CH^ 

- N-VH^.CH^.(\H, 


Partie exp^rimentale. 

l-Phcno^thyl-3-m6thyl-pyrazolone-5. 

A 1 partie d ’ether ac6tyloac6tique fraichement distill^ on ajoute, 
en refroidissant et par petites portions, en tout 1 partie de ph6no- 
^thylhydrazine, puis on abandoime le melange] jusqu'au lenderaain. 
La reaction produit une elevation de temperature, et sur les parois 
du vase apparaissent des gouttes d’un melange d’e/au et d’alcool 
ethylique due la condensation. (11 est reeommandable de les eoarter, 
par exemple par du papier filtre, car cette operation augments le 
rendement.) Le produit brut obtenu aprfes refrfudissement est lave 
rether, puis recristallise dans I’eau Imuillantt* (eventuelleraent dans 
I’aloool). D© ses solutions aqueuses le corps se separe en tablettes 
macroscopiques incolores, tr^s luisantes; la cristaUisation dans I’aloool 
dilue donne des cristaux plutOt longs, moins luisants. Le point de 
fusion, constant, est entre 139 et 141-6®. Tj© rendement en produit pur 
est ordinairement le poids de I’hydrazine mise en muvre. Dans Teau 
froide le corps est trfes peu soluble, et meme k la temperature d’ebuUi- 
tion U faut beaucoup d’eau pour le dissoudre. Dans les alcools il ae 
dissout aisement dejA. k froid. La dessiccation du corps dans le vide 
A 100® montre qu’il ne renferme pas d’eau de cristaUisation. 
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Analyse (SMmentaire: 

Substance: 0-2644 gr, CO^ 0-6888 gr, H/) 0-1646 gr. 

C^uPN^: Calcule C 71-24%, H 6-99%. 

Trouve C 71-05%. H 6-97%. 

Microdosage d’azote: 

Substance: 8-290 mgr, 1-006 cc (22®, 746 mm). 

C!alcul6 N 13-86®4. 

Trouve N 13-77®/,,. 

Calculi pour la phenoethylhydrazone 

CHs.C.CHi.(X>.(X),H, 

II V 67-69®;,, H 8-13®/,,, N 11-29®/;,. 

Calctil^ pour la ph^no^thyl-nu^thyl-pyrazolonc 

C 71*24%, H 6*99%, N 18*8()%. 

Trouve C 71*05%, H 0*97%, N 13*77%. 

I)es chiffres ci-deasus il resulte que le ])ro(luit de condensation 
n'est pas simplement une phenoethylhydrazone du corps c^tonique 
initial, mais bien un derive renfermant f en moins, c'est-A-dire 

une ph^noethyl-m^thyl-pyrazolone. Le corps est soluble dans les 
alcalis, les acides min<?raux, Tacide ac^tique, etc. 

Si Ton ajoute du chlorure ferrique k une solution aqueuse chaude 
(le notre pyrazolone, on peut obtenir, en prenant certaines pnkmutions, 
un colorant passant dans le chloroforme avec une teinte rouge grenat 
ou violet am^thyste. 

En milieu alcalin (non dans I'acide ac^.tique anhydre) la pyrazolone 
se laisse copuler avec le chlorure de diazobenzene en sef>arant un 
precipit^ jaune de colorant azoxque. 

I - Ph^no^thyI-3- methyl -4 -isonitroso-pyrazolone-f). 

A 1 partie de pyrazolone on ajoute un peu d'eau et 1 e(iuivalent 
d'abide ohlorhydrique, puis, en refroidissant par d© la glace, 1 Equi- 
valent d’azotite de sodium. La rEaction est immediate et separe des 
cristaux jaunes de dErivE isonitroso. On le recristallise dans Teau; 
ou Taoide aoEtique anhydre; les autres solvants (alcool, ether, ace- 
tone, chloroforme, chloroforme-ligroine, henzEne) ne se pretent pas 
It sa cristatUsation. 

Point d© fusion constant (aprEs 2 cristallisations dans C 2 H 4 P 2 
anhydre): 120®. 



Analyse ^14mentaire du prodnit recristaliiee dans I’eau : 

Substance: 0*2348 gr, COg 0*5359 grr, 0*1228 gr. 

Calcule C 62*31% 6*68%. 

Trouv^ a 62*27% H 5*83%. 

Dosage d’azote (m6me produit): 

Substance: 0*2163 gr, 36 cc (22®, 746 mm). 

Calcule N 18*17®/o. 

Trouvt'' N 17*98%. 

Derive benzalique He la 1 -phenoothyl-3-rnet hyl-4-aTnino* 

pyrazolone- 5. 

10 (/r de pyrazolone isonitrosc^e sont dissous, k chaud, dans le 
minimum d’aleool ethylique, puis refroidis et additionnes, par portions, 
de 90 f/r environ d'aoide acctique a 30^4. (II no faut pas ajouter eo 
dernier en exces, paree qu'ii y aurait precipitation du nitroso.) 

En faisant passer du gaz carbonique dans le liquide (pour empecher 
Toxydation) et en refroidissant par de la glace, on ajoute ensuite, par 
portions, de la poudre de zinc. Jaune au ddbut, le liquide acquiert 
une teinte grise bleuatre pour devenir tout a fait incolore lorsque la 
reduction est termini, Le zinc est ecarte par filtration sur toile dans 
un courant do gaz carbonique, le filtrat est prwipite par la quantity 
oalculee d’ald^hyde benzoique traichement distiJlee. Apr^ un s^jour 
de 2 beures dans un melange, refrigerant le liquide reuctionnel separe 
le derive benzalique sous forme de petits cristaux jaun&tres. Le 
lendemain, le produit est essor^ et lave a Tether. Ainsi purifi^, 
il fond entre 166 et 168®. ~ Le liquide de lavage ethere avait une 

couleur rouge intense et donnait par ('‘vaporatiori lente a Tair une 
quantite considerable de cristaux rouges. Le m6me produit rouge se 
s^parait des eaux meres initiales apres Tessorage du derive benzalique. 

Analyse: 

Substance; 0*2119 gr, <JO^ 0*5780 gr, H^O 0*1188 gr, 

C^alcul^ C 74*71%, H 6*27%. 

Trouve C 74*41 H 6*27 
Substance: 8*240 mgr, 0*980 cc (31®, 750 mm). 

Calculi A 13*76®/^, 

Trouv6 N 13*63®/o- 

Le dosage du groupe benzylid^ne a etc effoetu(5 en distiliant le corps 
avec de Tacide sulfurique dilu6 dans un ciourant de 00^* La benzald^** 
hyde mise en libertx^ a <^te capt^ sous dans une solution aqueuse 



d’fto^te de phinylhydrawne. L’hydrazone a et6 lav^ k Teau, puis 

desB^oh^. 

iSubstance: 451 myr, benzal-phenylhydrazone 234 mgr, 
r^alcule pour 289 mgr, 

Bis-hydrochlorure de 1 -phenoethy l-3-ni6thyl - 4~alTnn(>- 

py^azolone-5. 

derive benzalique qu’on vient de decrire a ete deconiijose, dans 
un entonnoir a s^parer, par de Tacide ohlorhydrique a 8% environ. 
Tald^hyde benzoique liberie a 6i6 extraiie par agitation avec du 
benzene. Le liquide aqueux acide a ete ahandonnc^ on endroit chaud, 
a r^vaporation lente. II finit par se prendre en une masse eristaliine. 
lie produit a lave au benzfene sur une asaiette poreuse. 

A la diff^^rence de la pyrazolone primitive le bis-hydrochlorure est 
tr^>8 soluble dans Teau* 

Analyse: Une solution aqueuse du sel, aciduk^ par HNO^, a etc 
pr^oipitee directement par AgNO^, 

Substance: 0-2501^/*, Ag(H 0-2402 

•'ZHCl: Ualcule Cl 24-40%. 

Trouv($ 67 23-76‘:o. 

Calculi pour rhydrochlorure simple 67 13-98%. 

Calculi fwur le bis-hydrochlorure 67 24-40%. 

Trouve^ 67 23-76%. 

L’analyse monti^ qu’on est en pr<5sence dkin bis-hydrochlorure qui 
a perdu un petit peu de son HCl [»ar dissociation, (’ette facile disso- 
ciation k la temperature ordinaire se laisse d'aillours observer, deja 
par Todorat, pendant les operations visant a la purification du sel. 

O’est pourquoi il est indispensable d ’analyser le produit aussitot 
apr^s la separation des eaux mferes par essorage. 

Lee tentatives d’isoler, en partant de rhydrochlorure, la base aminee 
libre, ne donnent pas le resultat voulu, En effet, si on ajoute Talcali. 
le liquide prend rapidement une couleur rouge intense, et le meme 
colorant rouge passe dans le benzene. C'est I’acide ,,homorubazonique‘‘ 
fontt4 par oxydation. 

11 en est de mSme ici que pour la phenyl -m^thyl-aminop^^azolone 
de Knorr {Ann, 1887, 238, 190) qui, ainsi que le signale cet auteur, 
eat trfea sensible vis-i-vis de Fair de sorte qu’on a dfi renoncer a la 
preparation de la base amino libre. 



Aoide homorubazonique. 

IjCs eaux m^res ao^tiques apr^ I’esRorage du d^riv6 benzalique (voir 
ci'dessuB) apparent lentement des oristaux d’un rouge magnifique. On 
peut aia^ment les recriatalliser dans I’alcooi dilu4, apr^ quoi ils fond«nt 
constamment entre 95 et 96®. 

Analyse: 

Substance: 0"1954j7r, 6’Og 0-4962 jrr, 0-1068 srr. 

Calculi V 69-36 ®/o, H 6-01%. 

Trouv^ r 69-26%, H 6-11%. 

Substance: 9-000 mgr, 1-33 cc (21®, 749 mm). 

(jalcul(4 N 16-86%. Trouv6 N 16-91 ®/„. 

l-Ph4no^thyl-2.3-dim<5thyl-pyrazolone-6. 

I'^n melange de 1 p. de pyrazolone initiale avec 1 p. d’iodure de 
mcthyle et 1 p. d’alcool m^thylique est maintenu en vase clos, pendant 
20 heures, k une temperature allant de 110 a 118®. Lorsque le liquide 
reactionnel est evapore, le residu se prend en une masse cristalline. 
Le produit est essoi-e, lave k I’aoetate d’ethyle, puis traite par de la 
potasse caustique ties ooncentree. On obtient des oristaux ties fa- 
cilement solubles dans lean. La solution aqueuse, debarrassee par 
evaporation de la majeure partie de son ean, se solidide en cristaux 
hydrates d’un point de fusion peu eieve. Pour eiiminer I’eau, on peut 
distiller avec du benzene, apr^s quoi on recristallise le produit dans 
le toluene (ou le benzene), ll fond alors entre 102 et 103®. II est bien 
soluble dans I’eau, sa saveur est amere. 

Analyse : 

Substance: 0-2977^, 0 7H70 gr, H^O 0 2002 jp-. 

Substance: 0-1686 gr, 19-26 cc (20®, 740 mm). 

(\,H,,N/) : Calcuie C 72-17®/o, H 7-46®/o. N 12-96®/,. 

Trouve r 72-10®/,, H 7-62«/o, N 12 93®/,. 

Le corps est tout i fait different de la l-ph^o^thyl-3 . 4-dim6thyl- 
pyrazolone-6 signal^e plus haut. (Jette demi^re, on effet, est peu 
soluble dans I’eau et fond k 176®. 

La preparation des derives de notre pyrazolone fait Tobjet d’une 
demande de brevet depos^e au „Bureau tchecoslovaque de brevets'* 
k Prague. 

Inatttid de Chimie organique 

& V£cole Folytechnique icMque de Prague (T&hdco«lovaquie}. 



NEW BOOKS. 


A. Hamsik; L^kaYskd ehaoite* prf) inedikv a pHni<^ka pro 

l^ka^e* DO III. Oiganickd chernie>. (Medical chemistry. A textbook for students 
of medicine and a manual for physicians. Part III. Organic chemistry.) Edited 
by the author, printed by Dr. PI (ir<^gr and Son, Prague 1932. Pp. XI and 232. 
K6 65 — . 

Prof, Hamsik has addwl lately to his very good textbooks one of organic 
chemistry. The book describes as concisely as possibh*, but clearly and eompn^- 
hensively the basic compounds and methods of organic chemistry, e^specially 
those with which medical science is coneemed, and tht* thorough loiowledge 
of which is a necessary condition for a successful study of ndvanced physiological 
chemistry and biochemistry. It cannot >)e emphasized enough, that for j)hysi- 
cians a good knowledge of organic chemistry is indispensable today, if th(\v 
ar(‘ to understand tb<» eom])OMition of organic drugs which th(* eheiiucal industry 
rnanufacturcH in ever iucn’asing number ami diversity. 

The book treats first the important aliphatie and aromatic* eompounds and 
their derivatives, the function.s of organic* groups and the' more familiar sub- 
stances of greater complexity, as far as they were not tivated in oth(‘r parts of 
the whole textbook (o. g. the bile acids are not mentionc*fl, because they were 
treated in the Biochemical section, etc*.). P'undamimtal proix^rties and methcxls 
of preparation of all substances of practical importance are given bt^ides their 
application, mode of storing them, etc. The author doc*B not avoid mentioning 
even the most mocIc»m topics and refc^rs for instance also to the* nc*w views of 
Haworth’s school concerning the' cyclic stmeturc* of simple eis well of 
complex carboliydrates of high molecular weight. 

Wliere it is ap})roj)riate iuclustrial methods an^ also describiHl, their chemical 
j)rinciples being stated concisely and accurately. The main subjects treated m 
this comiection are; products of distillation of naphtha, maniifocinro of alcohol 
and alcoholic beverages, products of fat, sugar, starch and the cellulose industry, 
explosivfis, artificial silk, products of distillation of coal tar, dyes, the leather 
industry, etc. 

In a supplement the substances employed in chemical warfare arc discussed, 
a subject at present of interest to a much wider circle of readers, methods of 
their preparation, their effects on the human body, their effective concentration 
and the means of making them harmless being mentioned. It is to be noted, 
of course, that these substances are not new for the most part, but known to 
chemists of old; for this reason they might better be treated in the systematic 
part of organic chemistry, which is done only with few of them (o. g. Yperite). 
However, the survey gi\ 5 en has the advantage of a short and illuminating inwiew 
of these substances, their effects, and the defence against them. 



On the whole it may be said that the book contains very mnch matecjal ih 
a small compass avoiding, however, details which would make its study difficult 
and giving only such fundamental knowledge necessary for a beginner to 
build on when advancing in the study of organic chemistry. 

As to analytical methods the student is referred to the author’s laboratory 
guide for medical students. 

The book can be well recommended also to students of science for revision 
of organic chemistry in preparing for the mtermediate examination as a good 
substitute for expensive foreign books of this type. A very valuable feature of 
the book is that the names of compoumls are given not only in Czech, but 
also in Latin, Englisli, French and German, which facilitates the later study 
of foreign literature and the composition of papers in world languages. 

A few vague statements, duo certainly to the endeavour to be as concise as 
fKissiblo, can be easily eradicated in a future edition, g. that on p. 29 on the 
distinction of primary, s€H*ondary and tertiary nit roparaf fines. 

J. Frejha, 


CiSo 2. vySlo 6. blezna 1933. 

Le niun^ 2 a pwrn le 3 mars 1033. 



INFLUENCE OF COMPLEX FORMATION ON THE ATTAINMENT 
OF EQUILIBRIUM IN SOME OXIDATION-REDUCTION SYSTEMS 

by W. F. JAK^B and M. R. RE4 nAR *) 

In Htudying the oxidation-reduction equilibria in weakly acidified 
fiolutions containing Bexi- and quinquevalent molybdenum we encoun- 
tered especially complicated, but at the same time also interesting 
phenomena. The working method was based on potentiometric ti- 



Ourve I. Initial of the molybdate solution abo\it 4, 3. Coloui* of the solution 
before the minimum of potential green, after the minimum the colour changes 
from bright brown into blue. 

Curve II. Initial p^ about 8. Colour before the minimum red-brown, changing 
after the minimiun to blue. 

♦) Published in Polish in No. 20 of the ^VhendcM Listy^' p. 461 (Vol. 26), '1932, 
Celebrating Prof. E. Votodek’s sixtieth birthday. 


7 
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tration of molybdate solutions of different initial acidity with solutions 
of Klason’s salt, {N H oOCl^, neutralized as far as possible by 
ammonia. 

Fig. 1 gives the results of two such titrations. 

This complicated course of the curves may be a result of the in- 
fluence of several factors, e. g.: formation of compounds between ions 
of the oxidizing and reducing agent, buffer action of all components 
on the acidity, on which the values of potentials in systems of this 
kind depend to a large degree, and also on the changes on the electrode 
itself, arising for instance through formation of non-metallic coatings. 
In the present paper we are interested only in the effects of formation of 
complexes betw'een the components of the oxidation -reduction system. 

We have had an inaccurate know ledge of the com])lexes containing 
sexi- and quinquevalent molybdenum for a very long time. Here are 
encountered the well known molybdenum blues. One compound of 
this kind, obtained accidentally by Rammelsberg,'^) was prepared 
by us in a state of the highest purity as dark ruby-coloured crystals 
of the salt: 

We succeeded further in isolating also from partially reduced molyb- 
date solutions of acidities corresponding to the minimum of potentials 
of the curve 1 on Fig. 1, the salt: 

The djirk blue crystals of this salt give blue solutions the colour 
of which changes quickly, owing to hydrolysis, through green into 
bright brown. 

The complexes (indifferent molecules, complex cations or anions) 
coniaining atoms of the same element m two different oxidation stages, 
we call oxidation -reductioji complexes. 

The aim of the exi)eriments described below w as to investigate the 
effect of such complexes on the attainment of oxidation -reduction 
equilibria in solutions containing quinque- and sexi valent molybdenum. 

1. The reagents. 

As reagents ammonium pararnolybdate 

and the oxidation-reduction complex 

NH^Mo^^O . . (()H),\ 


w^ere used. 
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The paramolybdate was obtained in a pure state by reciystallizing 
the commercial molybdate from a not too strongly ammoniacal so- 
lution. 

The salt: NH^M 0^0(0 H)^Mo()^] has bec^n prepared by a new, never 
failing method: to a solution containing 14 grs of commercial ammo- 
nium molybdate in 150 ccs of water acidified with 3 ecu of acetic acid 
(50%) a solution of 2 grs of hydrazine sulphate in 100 ccs of water 
was added and heated to boiling, until the evolution of nitrogen had 
ceased. After addition of 2 grs of ammonium chloride to the still hot 
solution, the precipitate formed was immediately filtered, and, after 
cooling to 40® C, two more grams of ammonium chloride added. After 
48 hours the crystals separated were freed from the slime by repeated, 
microscopically controlled decantation with the filtered mother liquor. 
The entirely pure, beautifully formed, dark ruby -coloured crystals of 
the compound were washed in turn with 50^'/,^, 06% alcohol and 

finally with ether and dried in air. An analysis confirmed the compo- 
sition given above in agreement with earlier determinations. MoO^^ 
found 85*02%, theor. 85*54^’;,; 01 n. KMnO^ spent 41*7 res for 1 gr 
of the salt, theor. 40*4 ccs. 

2. Method of measurement. 

The method used w as based on measurement of eqilibriurn potentials 
in oxidation-reduction systems containing sexi- and quinquevalent 
molybdenum in weakly acidified solutions. The amount of sexivalent 
molybdenum was determined by ])ipctting a solution of known con- 
centration of ammonium paramolybdate. The quinquevalent molyb- 
denum was supplied in the form of the oxidation -reduction complex. 
Its amount was determined mostly by wcighiiig. The concentration 
of hydrogen ions was regulatod by means of acetate buffers. The 
buffer mixture was used in mc»lar amounts outweighing several times 
the molar concentrations of the com})onents containing molybdenum, 
attempting thus to keep the theoretictal acidity of the buffers constant 
as far as possible. The acidity was further controlled by means of 
a foil colorimeter of Lautenschlager, permitting an a|)proximate 
estimation of acidity with an accuracy of 0*2 p//. Fn calculations we 
used the theoretical acidities of the buffers. The measurements were 
made in a stream of carbon dioxide. Neither colorimetric nor poten- 
tiometric measurements have revealed any change of acidity caused 
eventually by carbon dioxide. It w^as ascertained also that buffer 
mixtures of the same acidity had no notable influence on values of 


7 * 
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the oxidation-reduction potentials. The measurements of the poten- 
tials were made by means of a compensation arrangement with a preci- 
sion rheostat and a sensitive capillary electrometer. The apparatus 
permitted the measurement of potential differences with an accuracy 
of J o* 5 millivolt. The indifferent electrode was a smooth platinum 
plate with a surface of 2 sq. cm. Before the measurement the electrode 
was kept in chromic mixture for several hours, and then washed 
with water. Thus treated the electrode always gave reproducible 
results. The position of the electrode and its distance from the stirrer 
and the key was also kept always the same, as well as the speed 





Fig. 2. 

of revolution of the stirrer in different experiments. Oonstancy of 
potentials in more strongly acid solutions was attained after half an 
hour. In spite of this the measurement was made only after several 
hours. The constancy was less good in solutions having higher values 
of p//. 

3. Results of measurements. 

a) Influence of concentration, of the molybdate and the complex at constant 
acidity of the solutions. 

In experiments of both series of measurements, the results of which 
are summarized in Tables I and II, the concentration of hydrogen 
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ions was constant. The numbers in the second column give changes 
in concentration of the sexivalent molybdenum from the molybdate 
in milligram -atoms of per litre, those of the third column the 

concentrations of the quinquevalent molybdenum in milligram-atoms 
of M6^ in the complex. No regard was taken to the sexivalent molyb- 
denum bound in the complex in making these calculations, since, owing 
to the great stability of the complex, the sexivalent molybdenum con- 
tained in it does not greatly influence the equilibrium state. The sum 
of concentrations of and M(^ in individual measurements is 

constant. 

h) Influence of aridity. 

The numbers in the second column of Table 11 1 give the acidity (cal- 
culated from the composition of the buffer mixtures) in reciprocal 
logarithms of hydrogen ion concentrations (pn)- 

4. Dissension of results. 

The experimental results contained in Tables T and II are described 
in the diagram of Fig. 2. 

Table I. 



Pfi =■- 5-2. 

^ 20 ± 2» C. 


No. of 

measnrt'riK'iit. 

mg-niomu 

3/ o' '/ar/- atoms 


1. 

1-999 

0*001 

0*302 

2. 

1-995 

0*005 

0*215 

3. 

l-98(t 

0*020 

0*172 

4, 

1-900 

0*100 

0101 

5. 

1-700 

0*300 

0*134 

f). 

1-500 

0*500 

0*127 

7. 

1-250 

0*750 

0*123 

S. 

1-000 

1*000 

0*110 

9. 

0-750 

1*250 

0*125 

10. 

0-500 

1*500 

0*134 

11. 

0-300 

1*700 

0*140 

12. 

0-100 

1*900 

0*10K 

13. 

0-060 

1*950 

0*166 

14. 

0-010 

1*990 

0*163 

15. 

0-005 

1*995 

0*150 

If). 


2000 

0145 
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Table IT. 


pH 

- 3-4, 

f - 20 + 2« C’. 


No. of Mo^ 

loeasureinent ^ 

volts 

1. 

1-999 

0-001 

0-471 

2. 

1-990 

0-010 

0-350 

3. 

1-950 

0-050 

0-290 

4. 

1-500 

0-500 

0-24b 

5. 

1-000 

1-000 

0-238 

b. 

0-500 

1-500 

0-228 

7. 

0-300 

1-700 

0-228 

S. 

0-100 

1-900 

0-228 

9. 

0-050 

1-950 

0-201 

10. 

0-005 

1-995 

0-212 

11. 


2-000 

0-194 



Tabic 111. 


( /onc^entration of if - concentration oiMo"^ 1-000 per 



f - 20 + 2«(\ 


No. of 

measurement 


Pji 

V olts 

1. 


3-23 

(>•268 

2. 


3-54 

(>•254 

3. 


3-84 

0-236 

4. 


4-14 

0-207 

5. 


5-04 

0-134 

b. 


5-34 

0-117 

7. 


5*65 

0-084 


Observing the course of the curve 11 we see that it has approxim- 
ately a shape similar to a bi-logarithmic curve, characteristic for 
all oxidation-reduction systems obeying Nernst’s law. In the begin* 
ning this curve is scarcely steeper, but in the end-part, however, 
less steep than would correspond to a classical bi-logarithmic curve. 
It must be considered, however, that, in determining the ratio of 
concentrations of the oxidizing and reducing agent, we do not calculate 
with actual concentrations of the ions taking part in the reaction 
determining the potential, but with concentrations of the molybdate 
and equivalents of the complex. The scale taken for the axis of abscis- 
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sae does not thus correspond with the nature of the process itself. 
The shape of curve I differs, on the contrary, considerably from the 
type of a bi-logarithmic curve, indicating that at such low acidities 
more complicated phenomena are taking place. In each case both 
curves are characterized by a rather steep slope in their initial portions. 
Sohitions of the pure complex impart thus to the indifferent electrode 
relatively, base potentials, the values of which at first increase rapidly 
in the direction of noble potentials with increasing concentration of 
the molybdate. It follows thus, that in our systems the anions of the 
oxidation-reduction complex function apj)arently as an active reduc- 
ing agent, towards which the molybdate anions, together with the 
hydrogen ions, play the r61e of oxidizing agents. A considerable sensiti- 
vity of the electrode towards small additions of the molybdate to 
w^cakly acidulated solutions of the complex may even indicate a slight 
hydrolysis’) of the oxidation-reduction complex: 

\MoP(OH)^M()0^\ ^rOH' . M(4\(0H\ f ///;, 

which would lead to setting free of the ions of molybdic acid. 

Assuming thus the following scheme for the reaction determining 
the f)otential: 


X ()xi<l j- c Acid~\- n ; = // Red ( -f //gO), 
where the symbols Oxid and Red represent respectively the anion 
of molybdic acid and that of the oxidation-reduction complex. We 
treat the anions of this complex as immediate products of reduction 
of the anions of the molybdic acid, without regard to its mechanism 
and to eventual simultaneous ’equipotentiar’ reactions, in which the 
ultimate dissociation prodiu^ts of the complex, e. g. or Mo**' may 

act as reducing agents. Both these ions, if they exist at all, can occur 
only in minimal quantities inaccessible to measurement and calculation. 

Using Nernst's equation fitting the discussed system: 


RT , [Oxidy,al 

' „y '» -[Si#- 


(I), 


where the symbols [Oxid] and [Red] signify concentrations of the 
molybdate and the oxidation-reduction complex msp. multiplied by 
the corresponding activity coefficients and the symbol the activity 
of the hydrogen ion. For variable concentrations of acid at constant 
concentrations of the oxidizing and reducing agents w^e obtain after 
differentiating equation (1) the relation: 




F * n 


1 1n rih , 
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or by introducing common logarithms and x>utting for an the values 
of and for R, F and 293® their numerical values: 

0 - 058 -^ ApH. ( 2 ) 

n 

From this it would be i)os8ible to calculate the absolute value of 
the ratio z:n, and thus of the ratio of the stoichiometrical coefficients 



3 4 5 6 

Fig. 3. 


of the hydrogen ions and the electric equivalents. Equation (2) re- 
quires constancy of the ratio z:n, because and n are constant in 
conformity with the accepted reaction scheme. 

The results recorded in Table ITl give the relation between the 
values of sji and pj/. Examining this table we do not observe the 
linearity demanded by equation (2). This is seen l)ettor from the 
appended Fig. 3 giving the dependence of the electrode potential on 
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the acidity. The points 1 to 7 of the curve correspond in succession 
to the measurements from Table III. 

The non-linear course of these points indicates an inconstancy of 
the ratio 5? ton, which can follow' only from the change of con(‘entration 
of the active ions of the oxidizing agent and perhaps also of the 
reducing agent under the influence of changes in acidity. 

In order to explain the differences between the numerous molybdates 
and tungstates, a hypothesis was advanced in structural cdiemistry, ac- 
cording to which the structures of these salts are formulated as follows: 
XJI^ [//g {MoO^)^\ — bimolybdates 

[//g (Mo()i^)^ \ - - paramolybdates 
X^Hf^ [i/g (MoO^)^\ — trimolybdates 

[//g (Ji 0207 ) 6 ] — tetramoly})dates 
X^H^ [i/g — octamoly]>dates 

Besides this the inv'cstigation by (J. Jander and W. Heuken- 
shoven of tungstates®) and later on also of molybdates,’*) by means 
of optical absorption, conductimetric* and thermometric titration, as 
well as diffusion measurements, confirmed the existence' of various 
polymeric ions in w'ater solutions of these salts. The ionic composition 
of these solutions depends on their acidity. In alkaline solutions 
only the sim[)le anions MoO^' are ])resent. in [)roportion as the acidity 
increases the equilibrium is shifted to the more acid polymeric; ions, 
as is shown, c. g., in following instances adduced by these authors: 

6 mm;' 4- b //■ . [H. [MoO,), 1/// ' " " 

f 2//- . {IL,{M(K),),\Ur etc. 

From the course of the curve in Fig. 3 it is apparent that also 

If. 

the values of the quotient — - , which is th(' measun* of the 

1 pi{ 

gradient of this curve, are not constant, but increase with falling 
acidity. If we exy)lain this excessive diminution of oxidizing power 
by a decrease of concentration of the active ions of the oxidizifig 
agent, we arrive at the conclusion, that these ions are the acid polyme- 
ric anions of molybdic acid, because their own concentration decreases 
with falling acidity. We are lead to the same conclusion also in calcu- 
lating the individual values of the ratio z:n. For the reaction* 
2MoOp \ 1 H' -T 2 1 

the value of this ratio should be 7:2— 3-5, for the reaction, e. g., 
[^2(3/o04)e]//6""+b/r4-4 . . : ' 2[Mo^.^.Mo^^H),(pII),y 
2 : n==b :4=~ 1-5, for the free acid, however, it falls to zero. 
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If we calcul^^te any mean value of the ratio ; n, e. g. from the 
differences .1 e and A pu between the measurements 4 and 7 of 
Table TIT, we obtain the number 1-41, and in the same way from 
the measurements 1 and 3 the number 0-82. Both these values cor- 
respond to reactions with the highly polymerized anions of molybdic 
acid rather than wdth the anion 

The ability of forming oxidation-reduction complexes, that is, ther- 
modynamically interpreted, intermediate stages of oxidation, is a cha- 
racteristic peculiarity of the chemistry of molybdenum compounds 
and is otherwise comparatively rare. The inclination, how^ever, of the 
ions containing oxygen to polymerise under the influence of acids 
is more frequent, and it has undoubtedly in most instances an essential 
influence upon the stabilization of oxidation-reduction ecjuilibria. 

Institute of Inorganic (liemistry. 

The Polytechnic SchooL IjWwc (Poland). 
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W, F. .lakoh aiul W. Trzobiatow'skj: Hocz. Cheni. 11)29, .9. 

In Klasoii’s salt it is possible to neutralize at most two ♦*quivalonts 
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jMoOiOH),. 
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fiTllDE DE L ACIDE HIPPIIRHYDROXAMIQUE 

par J. V. DITBSK^ et J. TRTfLEK. 


En etiuliant la formation des oximes de I'acide hippurique et de 
ses derives nous avons constate que roximation s effectue le mieux 
lorsquVm fait agir, dans certaines conditions, I'hydroxylamine sur 
Tamide hippuriquc qu’on obtient aisement en faisant luniillir Tether 
hippnrique avec de Tammoniaqiie. 

En milieu hydroalcoolique il s'accomplit la reaction suivante.eonnue 
pour beaueoup d’autres amides: 


r /7 (H) V// r 


on 


( \H, JV, NH -( NH , . OH 


11 ne se forme done pas une amidoxime mais, avec pei’te d’une 
mol6cule d’ammoniac, Toxime de 1 acide, e’est-a-dire Tacide hydro- 
xamique. 

An clours des di verses preparations de Tacide hippurhydroxamique 
nous avons pu observer qull se forme, suivant les conditions, notam- 
ment la temperature, deux corps differant par leur aspect et leur })oint. 
de fusion, mais possedant la meme com])osition 

(\H,.VO.NU.nh.(' . 

L’un fond a 140® et cristalliae en fines ecailles soyeuses. I’autre, 
a 159® et se separe en jolies aiguilles. Leur solubilite ue differe pas 
essentiellement, ils sent I’un et I'autre peu solubles dans I’eau froide, 
bien solubles dans I’eau chaude et dans Talcool. 

L’un et I’autre donnent la reaction typique des acidos hydroxa- 
miques avee le chlorure ferrique; avec les sels euivriqnes ils separent, 
en milieu mod^r^ment alcalin, quantitativement un preci])ite vert volu- 
mineux, insoluble dans I’eau. 

L’oxime k point de fusion plus bas se laisse transformer en oxime 

f)oint de fusion plus (ilev^ par simple ebullition de ses solutions 
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aqueuses. Le refroidissement de ces dernicres doime des aiguilles ca- 
ract^ristiques, fusibles k 159®. Une Ebullition prolongee ne produit 
aucune alteration, de meme que le chauffage direct des solutions 
aqueuses de Toxime a point de fusion 159®. 

On est done en prEsence d’un phEnomene d'isomErie. Plusieurs expli- 
cations sont possibles i(;i. Celle qui nous parait la plus vraisemblable 
est d’admettre avec Mcisenheimer et ses collaborateurs et 
H a n t z s c h - W e r n e r que les groupes hydroxyles sont respective- 
merit en ])ositions cis on trans, ainsi que nous le montre le sc^hEma 

^-(K-On 

1. II 11. II 

HO^N 

t'ette sup])osition est siirtout corroborec^ par la dessiccation dans le 
vide des deux corps, pendant laquelle ils se comportent tout a fait 
diffEremment. lie produit a point de fusion has perd en poids, brunit 
et subit une decomposition, tandis que le produit a ])oint de fusion 
plus ElevE ne s’altere pas sensiblement dans des conditions rigoureuse- 
ment identiques. 

On pent en conclure que Tackle hippurhvdroxamique p. do f. 141® 
correspond a la forme cis 


dans laquelle le voisinage des groupes ()U rend facile la ])erte d’eau, 
ce qui entraine la destmetion de la molecule, (^est la forme moins 
stable, e’est pourquoi elle se transforme par simple Ebullition dans la 
forme plus stable, fusible k 159 — IHO®, la forme trans: 

, CO . NB . ( '--OB 


BO -N 

I)es lors, on con9oit aisEment que dans la preparation des oximes 
en question on obtienne surtout la forme trans, alors que Tobtention 
de la forme cis presente des difficultes. 

Les analyses des sels de euivre concord ent chez les deux oximes, 
de meme que leurs propriEtEs; il parait done que dans Tun et Tautre 
cas il se forme un meme sel renfermant I at. do euivre pour 1 mol. 
d’oxime. 

Si Ton se represente les possibilitEs steriques pour la position des 
groupes NOB et OH et qu’on aille jusqu a admetti’e que ThydrogEne 
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faisant partie du groupe imino de la chaine soit r^actif, on obtient 
plusieurs possibility structnrales parmi lesquelles nous considerons la 
suivante comme la plus vraisemblable: 

II ')Ou 


La stabilite du corps et sa resistance vis-a-vis des diffcrents reactifs 
rniliterait en faveur du cycle a 5 chainons qu’on vient de signaler. 
La possibility de la formation du comi)osy basique 

. CO . Nil . 67 / 2 . r{OH) - NO -Cu ~OH 


ne se laisse pas jnstifier; le cor})s j)erd, en cflfet, deja a 100 ‘^ toute 
son eau, dont la teneur est d'ailleurs variable suivant les conditions 
dans lesquelles le corps a etc conserve avant la dessiccation. 

Chez les sels analogues de cobalt les choses sont bien plus coinpli- 
quees. Si Ton opere avec le chlorure de cobalt, on obtient divers me- 
langes de composes renfermant du cobalt bivalent et du cobalt trivalent, 
avec line proportion plus ou moins forte de ehlore, et dont la couleur, 
lose au dybut, finit par devonir brune. II s agit la evidemment d’un(? 
oxydation de sels cobalteux en cobaltiques. 

Les sels mercuriques sont jaunes et sc decomj)osent avec le temps 
en prenant une couleur grise. Leur constitution n’est pas claire. 

Le scl ferrique est tres soluble dans Teau et dans Falcool avec une 
coulein- rouge intense caracteristique. Par addition d’acctate de 
sodium il se forme un scl basique couleur de brique, soluble dans 
Texces de chlorure ferrique. Sa composition est la suivante: 


(\H,,CO,NH,Clh,r 
( . ( '() . NH . CH ^ . V. 




Partie cxperimoiitale. 

Oximation de Tamide hippurique. 

L'amide hippurique a ete prepare en faisant bouillir Tether hippu- 
rique avec de Tammoniaque concentr 6 e. II est en aiguilles blanches, 
fusiblos a 183® apres recristallisation dans Tcau chaude. 

7*1 gr d’amide (^/loo de mol. gr) sont dissous dans de Talcool chaud, 
la solution est filtrye et m61angee k chaud avec une solution aqueuse 
froide de 5*52 gr d’hydrochlorure d'hydroxylamine (®/iqo de mol. gr). 
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Pour neutraliser I'acide chlorhydrique, on ajoute une solution aqueuse 
chaude de 10-9 gr d’aoetate de sodium (®/ioo de mol. gr), 

Le liquide reactionnel est filtre de nouveau, puis evapore au bain- 
marie en ayant soin de ne pas depasser 70®. Apres environ 2 heures de 
chauffe le liquide est abandonn^ a la cristallisation lente. Apres re- 
froidissement, il sdipare de petites ecailles blanches, soyeuses, pen 
solubles dans Teau, bieri solubles dans I’eaii ou Falcool ehauds. 

Point de fusion : 140®. 

Les solutions aqueuses et alcooliques donnent les reactions typiques 
des acides hydroxamiquos: avec le chloriire fcrrique une coloration 
rouge sang intense, avec Tacetate do cuivre nn precipite vert voluini- 
noux. 

L’analyse du produit. et surtout de ses sels montre qu'il s‘est forme 
Toxime hippurique (acide bippurhydroxamiqiie). 

L'analyse a operee sur un produit recristaliise dans reau et 
dess^^che a Tair. Point de fusion 141®. Perte par dcssiceation a 100®: 
0*30% d’eau. 

Analyse : 

Substance: mgr, N M32rr (20®. ntin). 

9*03 mgr, (X),^ 1S-51 mgr, H^O 4*80 • 

(\H^ .(X) , MI . f 7/2 . C(OH) son (194): 

(^alcule a r>r)*()7%, H 5-15%, S 14-43®,,. 

Trouve C 55-98®;,, H 5-94®,,, A’ 14-20®/,. 

Formation du corj)s isomere: 

La preparation d(k*rite ci-dessus a cHe ro])ekH‘ avec le doul)le poids 
de matieres j)remieres. A la difference du premier essai Tamido a etc 
dissoute a chaud dans de Falcool a 70%, puis melangee avec une 
solution chaude de chlorhydrat/O (Phydroxylamine neutralisoe. Le liquide 
re^actionnel a etc maintenu 2 heures environ au bain-marie, puis 
evapore partiellement. J1 a acquis une teiiite jaune. F^ar refroidisse- 
ment, il a separe des aiguilles brillantes differani tout a fait des ecailles 
obtenues dans Pessai precedent. On les a essore, lav6 a Peau froide 
et sech^ a Pair. 

Leur solubilite est la meine que pour le produit d^crit plus haut. 
Les solutions donnent l?s reactions caraoteristiques des acides hydro- 
xamiques. 

Recristallisees dans Peau, les aiguilles fondent entre 159® et 160® 
en donnant un liquide limpide qui se decompose au-dessus de 170®. 
La dessiccation 100® ne produit aucune perte de poids. 
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Analyse: 

Substance: 9-08 N 1176^r (23•5‘^ 740 ?Mm), 

8-37 mgr, CO^ 17-23 mgr, H^O 4-02 mgr. 

CJh . CO . NH . CW, , C{OH) - NOn (p. in. 194): 

(Weule iv 14-43%, C 5507%, H 5-15‘\,. 

Troiive N 14-03%. r 50-13%, 11 5-37%. 

La composition dn corps est done la meme qiie dans le eas precedent. 

Malgre I’asjH^.ct et les ])oints de fusion diffinents il s’agit done de 
corps de meme eom]3osition, de eorfis isomeri^s. 

II est assez difficile de distinguer les j)re))aratii)ns des deux isomcres. 
Dans nos jiremiors essais. nous obtenions le corjis fusible a 141“ 
a Tctat d'ecailles soyeuses, alors <pie nous avons pu saisir le v-orps 
a j». de f. 159—100“ plutol par hasard. En re])(Hant (^es essais do pre- 
paration du premier eor])s, qui iravaient jiourtant preseiite aucune 
difticulte auparavant, nous obtenions toutefois le e.orjis ])yramidal 
fusible a 100“. Ce sont snrtout les conditions de temyierature qui 
jouent un lole deeisif. 

Transform at ion des acides hipfiiirhydrox amiq ues 

iso meres. 

Tne solution aqueuse (Toxime fusible a 141“ (eeailles soyeuses) est 
maintenue en ebullition a reHux pendant (piclques heures. A la tin, 
on concentre un ])eu la solution et on i’abandonne au refroidissement 
lent. 11 y a separation de eristaux acieulaires de risomerc' fusible 
a 100“. Lorsque Toxinic obtenue dans Tessai signale anterieurement 
(p. de f. 159 — 100“) est maintenue en ('d)ullition moderee, on ne pent 
(K)nstater aucune alteration. 

Dessicea tion dans le vide des at^ides lii])purb ydro- 
xam iques isomeres. 

L’un et Tautre corps out seches dans le vide de 10 -20 m>m de 
mercure entre 105 et 110“. Au bout de chaqiie heure, les produits out 
ete pes^s. 

^Icailles fusibles a 141“: 

Substance: 0-1030 pertc^ apres 1 heure 0-0200 .. 19-30%. 

„ 2 heures 0-0254 gr. . . 24-51 %. 

3 „ 0-0280 (/r. . .27-00%. 



Au cours de la dessiccation le corps subit une docomposition visible, 
il se ramollit et brunit. Pour cette raison les pertes n’ont pas pu 
acquerir une valeur constante. 

Cristaux aciculaires fusibles a 160®; 

Substance: 0*1149 //r, perte apres 1 heure 0*0006 grr. . .0*52%. 

2 heures 0*0016 gr, , , 1*39%. 

„ „ 3 „ 0*0060 5*22%. 

On voit qu ici les pertes sont tres faibles en comparaison de celles 
observ6es pour le premier corps. La dessiccation ne determine pas de 
d^^composition sensible, c’est tout an plus avant la dernicre pes^ 
que le produit montre par ci et par la une cailoration rose. 

Sel cuivrique do I’acide hippurhydroxamique fusible 140®. 

1 gr d'oxime, dissous dans de Teau chaude, est additionne d’une 
solution chaude d'acetate de cuivre iV/10. Le precipite volumineux 
vert est soigneusement lave a lean chaude, puis seche a Tail*. 

l^s eaux meres donnent avec l’a(*.etate de sodium une nouvelle 
portion du produit. 

Si la solution d’oxime est on exces. aucune trace de (niivre no se 
laissc decelor dans le filtrat par les reactifs habituels, en d’autres 
termes, la reaction s’accomplit quantitativement. La (condition ne- 
cessaire est d’operer en milieu iieutre ou faiblement alcalin; en liqueur 
acide, le sel cuivrique de Tacide hipinirhydroxarnique est aisement 
soluble. 

Analyse: 

Substance: 0*1035 <7r, perte au-dessous de 100® 0*0060 ... 5*79% 

d’eau. 

0*1035 gr, CuO 0*0298 gr ... 23*00% de Cn. 

Substance: 0*00878 gr, N 0*775 cc (23®, 743 7nm) 9*95% de N. 

Cv : N ^ \ : 1*956 

ce qui coneorde avec la composition d’un corps que Ton se pent figurer 
constitue de la manicre suivante: 

C\H, .CO.NH.CIU^.C—0 

II )Cu.H^O (p. m. 274) 

N—(y 

CalcuM: Cu 23-20%, N 10-20%, H/J 0-50%. 

Trouve: Cti 23-00%, N 9*95%, jffgO 5*79 ®/o. 

La teneur en eau trouvee difffere de celle calculee. II s’agit 6videm- 
ment de traces d’eau qu on n’arrive pas expulser au-dessous de 100®. 
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Sel cuivrique de Toxime fusible de 159 a 160®. 

II a ete prepare dans le meme but que le sel ci-dessus, c est-a-dire 
en vue de corroborer nos vues sur la constitution des oximes isorneres. 

3*9 gr d’acide hippurhydroxamique p. de f. 160® sent dissous dans 
Teau chaude, puis additionn^s a chaud de lOOcc d’line solution d’ace- 
tate cuivrique N !2 [ce qui correspond k environ 5 gr de . (^O AJ)/'u]. 
Ici encore il se forme un precipite voliimineux vert. On le lave 
a Teau et seche a l air. Comme il etait difbeile d'obtenir un pourcentage 
d’eau constant, le produit a etc seche a 100® avant rarialyse. 

Ni par son asj)ect ni par sa solubilite le sel ne differe dii sel dck*rit 
dans I’essai precedent. 

Analyse: 

Substance: 0*00759 jr, N 0*751 cc (22*5®, 738 mm) ... A" 11*09®;,. 

0*1619 gr, CvO 0*0505 gr ... Cu 24*89 ®{,. 

(^u : N - 1 : 2*023 

(‘e qui Concorde avee la composition d’un sel 

( ;//, JV, NH . CH^ . C—0. 

I! Cu (p. ra. 256) 

r 

(Vilcule: Gu 24*87%, N 10*95®/,. 

Trouve: Ct/ 24*89%, A 11*09%. 

Sel cobalteux de Tacide h i pp u rhy d ro x a m iq iie. 

A 1 gr d'oxime j). de f. 140® (cis) dissous dans de Teaii chaude on 
ajoute d'abord 0*65 gr d’acrtate de sodium (V/ 2 oo 
goutte a goutte unc solution de 4*76 gr de chlorure cobalteux hexa- 
hydrate (^/joo 9^’) dans 20 rr d‘eau et 20 cc d’ammoniaque 2 it, 

II se produit un ])r(kdpite rose qui devieiit brun pendant I'essorage, a ce 
qu’il parait par suite de Toxydation. Il renferme 6*55®/;, d’eau, 17*14% 
de cobalt (ce qui correspond au j^Muds mol^culaire de 344), et 10*62% 
d’azote (poids mol. 131*8). Le rapport (Jo : N - 1 : 2*6 montre qu’on 
est en presence d un melange qui parait conteuir du cobalt bivalent 
et du cobalt trivalent. 

On pent en outre isoler des corps renfermant un pourcentage consi- 
derable de chlore. Leur constitution est certainement fort compliqu<^e. 

Sel raercurique de Tacide hippurhydroxamique. 

Une solution aqueuse chaude de 4^r d oxime p. de f. 159® (trans) 
est vers^ par gouttes dans un exces d’azotatc mercurique NI2, Pour 

8 
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neutraliser I’azotate, on ajoute 3-98 gr d’acetate de sodium en solution 
aqueuse chaude. On obtient un pr^cipite jaune volumineux qu’on 
chauffe au bain-marie pendant quelque temps, essore et lave k Teaii 
chaude. 

Seche a Tair, il se convertit en une matiere brune qui donne une 
poudre jaune par broyage. Sous Taction de la chaleur le produit 
acquiert une couleur orangee, par refroidissement il redevient jaune. 

Analyse: 

Substance: 0-()()929f7r, N 0*392 cc (23®, 737 mm) N 4*62%. 

0*2248 gr. perte a 100® 0*0125 gr. . 5*56®;,. 

0* 1 582 gr. HgCl 0* 1 1 58 gr. Hg 62* 1 9 ® o. 

Hg :N - 1 : 1*06. 

I C\H, .CO. NU. . C ® I Hgl , . 3 H^O : 

Calcule N 4-31%. Hg 62*28%, H^) 8*38%. 

Trouv^ N 4*62®^, Hg 62*19®/,, H^O 

Le pourcentage d’eau repond k 2 mol. de ILX), la troisieme molecule 
ne pent ])as etre chassee aux temperatures ne depassant pas 100®. 
Le produit se i)rete mal k Tetude, il se decompose pendant la con- 
servation en devenant gris par le mercure mis en liberte. 

Sel ferrique de Tacide hippurhyd roxamique. 

Les solutions de Tacide donnent avec le chlorure ferrique une colo- 
ration rouge cerise intense. L’addition de quelques gouttes d’ac^tate 
de sodium donne immediatement naissance a un precipite rouge briquc, 
soluble dans Texces de chlorure ferrique. Le produit est insoluble 
dans Teau, dans Teau bouillante il noircit avec decomposition. 

0*6 gr soit environ ^/jooo de mol. gr d’acide hippurhydroxamique ont 
^t^ dissous dans de Teau chaude, puis additionnes d’une solution de 
0*27 gr de FeCl^ . 6 HjJ (Viooo de mol. gr). Lorsqu'on ajoute quelques 
gouttes d ’acetate de sodium, on obtient un precipite qu’on lave k Teau 
et stehe a I’air. 

Analyse: 

Substance: 0*0698 gr, perte jusqua 100® 0*0046 gr, ///> 4*16%. 
0*0698 gr, Fej^^ 0*0115 gr, Fe 11*52%. 
b l^mgr, N 0*610 cc (20®, 735 mm), V ll*93®/o. 

Fe : N ] : 4*13. 
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Pour un sel basique 


Cei/ 5 .CO. NH. CH^ . 
C,H, .CO.NH. CH^ . 


Fe--C)H.H.,0: 


Calculi Fe 11-71%, N 11-74%, 3-77%. 

Trouv^ Fe 11-52%, .V 11-93%, H/) 41(>%, 


Re^u en decernbre 1932. 

Institut de Chimie ayialytique 
de la Faculte des Sciences a VUniversite Masmyk Brno 
( Tchecoslovaquie ). 


8 * 



POLAROGKAPHIC STUDIES WITH THE DROPPING MERCURY 
KATHODE. - PART XXXI. - A NEW TEST FOR PROTEINS IN 
THE PRESENCE OF COBALT SALTS IN AMMONIACAL SOLUTIONS 
OF AMMONIUM CHLORIDE. 

By R. BRDTCKA. 

When studying the reduction of the compounds of trivalent cobalt 
at the dropping mercury kathode in solutions of cobaltammines, the 



Fin. 1- 

5 X 10 “ (I A'W/;nn 4-8 X Rr*»« 2 X 10 » w ('o(XH,),Ch- 


author has observed a remarkable and rather unexpected phenomenon 
on the current-voltage curve effected by the presence of proteins. This 
effect has been submitted to an exhaustive experimental investigation. 

The hexammine-cobaltic chloride — chosen for this research because 
of its comparative stability — exhibits on the current-voltage curve 
two reduction stages, the first of them being due to the reduction of 
trivalent cobalt to cobaltous ions, whereas the second one corresponds 
to the discharge of cobaltous ions at the surface of the mercury kathode. 
The ratio of diffusion currents due to these two reactions is exactly 1 : 2, 
just as required by theory since the amount of electricity consumed 
in the second reduction stage is twice as great as that necessary for 
the first one. (Fig. 1.) 
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Such a simple shape of the current-voltage carve is observed only 
in the case, when the hexammine-cobaltic chloride is dissolved in ammo- 
nium chloride solution. When, however, a solution of alkali chlorides 
is used as “indifferent” solvent then under certain conditions there 
appears on the current-voltage curve one more reduction stage at 
a voltage which is by 0*2 volt lower than that of the second reduction 
stage. This third type of reduction should also correspond to the dis- 
charge of cobaltous ions which are present under these conditions to 
a certain degree in a more easily reducible form. It has been proved 
in many instances that there is no perfect mobile equilibrium between 
different complexes with central ions of the same valency.^ )‘^) This 
last question, however, will be dealt with in a special investigation, 
and does not immediately concern the present problem. 

The fact that cobaltous ions can be reduced according to their com- 
plexity, at two different potentials is worth mentioning here, because 
the same phenomenon is observed when using solutions of proteins, 
and, further, those of cystine. It is met with in those instances w'hen 
cobaltous ion with its sphere of coordination filled with “electroneutral 
molecules” - reacts to form an ion with acid radicals lx)und coordinati- 
vely2),3) (e. g. (Co{HjO),OH)\ CoC\'^\ Co{CNS),^\ Co(CN)-' etc.). 

In a buffer solution of 0* 1 w ammonium chloride in 0* 1 norm, ammonia 
the increase of the current on the polarographic curve corresponding 
to the deposition of cobalt — in contradistinction to the same i)art 
of the curve in aqueous cobaltous chloride solutions where it has an 
irreversible character*) — becomes more steep in accord with the 
exponential formula derived for the reversible deposition of a bivalent 
kation. The curve in this case exhibits also a prominent maximum 
of the current which indicates an increased adsorj)tion of cobaltous 
ions at the kathode surface. 

Because the maxima of the current complicate the shape of the 
polarographic curve when it is applied in quantitative estimation of the 
reducible substances, these maxima are suppressed in polarographic 
practice by the addition of surface active substances. For suppressing the 
maximum of cobalt deposition the author has tried the addition of 
blood serum, the great surface activity of the latter being known from 
other investigations in this Institute.^) 

Indeed, on this addition the maximum of the cobalt deposition 
current entirely vanishes, but there are brought into existence two 
new waves characteristic for proteins, which, however, never appear 
in solutions of blood serum alone. (Fig. 2.) 
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It i8 known that polarographic curve of serum exhibits only one 
small reduction wave situated near to the deposition potential of the 
alkali ions.®) The nature of this reduction wave has not been firmly 
established, it was proved, however, that it is probably connected with 
the presence of proteins. J. Heyrovski^ and J. Babi6ka®), in a de- 
tailed investigation, have shown that this wave increases with increas- 
ing ammonium chloride content until this content reaches a certain 
value, where further additions of ammonium chloride have no effect. 



Curvo: I. 10 ^ n NH^Cl in 10 ^ n 

2. 10“* n NHfil in 10“i n NH^ in 400 x dil. human swim (-4). 

3. 3 X 10~* n Co(NH^)^l^ in 10“^ n NH^CI in 10 * n NH,,. 

4. 3 X 10 ' * n in 10~‘ n NH^Cl in jV/Zj in 400 x dil. 

human stTum (.4'). 

On the other hand when serum is added to a sufficiently strong solution 
of ammonium chloride the wave increases r*pproximately in direct pro- 
portion to the amount of serum present. The same relations were 
found also with proteins from other sources. According toHeyrovsk^ 
and Babifika this wave is due not to the reduction of the protein, but 
to the catalytically induced deposition of hydrogen from 
which they regard as a complex of hydrions. 

The height of the protein wave in the instance investigated by 
Heyrovsky and BabiSka is determined by two components in 
solution. The above mentioned polarographic test for proteins with 
a cobaltammine is, however, a much more complicated phenomenon, 
since — as it will be shown below — it depends on four constituents 
of the solution each of them influencing the shape, the magnitude 
and the position of two characteristic waves. 
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Experimental part. 

The usual polarographic arrangement was employed, and the current- 
voltage curves were recorded by means of a mirror galvanometer 
(Hartmann-Braun) with a sensitivity of 1-2 x 10— » arap./mm and a half 
]>eriod of swing of 4 53 sec. A 4-volt accumulator was employed 
throughout. 



Fis. 3. 

2 ^ 10 > a in 10 ' « A7f,n in 10 ' a NH^ in ti l y |o * _ 

- 2’4 .(//liter “Blood Albumen”. (Eneh curve starts from — 0 8 volts.) 


( Weful attention was paid to the investigation of the exact relation- 
ships between the height of the new' ‘protein waves” and the concentra- 
tion of single components in the solution. Therefore the titration arrange- 
ment described by J. Heyrovsky and N. V. Emelianova^) was 
used throughout the work. The solution in the burette was always 
of the same composition as that in electrolysis cell, except one compc»- 
nent, the concentration of w^hich in the solution to be electrolysed 
w^as calculated from dilution. 

Protein used in this investigation was “Albumin aus Blut” supplied 
by the firm Dr. Fraenkel and Dr. Landau. KSolutions were prepared 
by dissolving 5 gr of this protein in 100 cr of water or of physiological 
solution of sodium chloride. The resulting solution was filtered through 
a cotton w(X)l plug to remove the undissolved residue. In preliminary 
experiments this residue was not taken into consideration and the con- 
centration of protein was expressed in grams per litre of solution. 

The following results were obtained: 

The dependence on the protein content. In solutions of 
2 X 10""~® n hexammine-cobaltic chloride in 0- 1 n ammonium chloride and 
0*1 n ammonia the concentration of protein varied from 6-1 x 10“® to 
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5*8 ^/litre. The height of both waves caused by ])rotein increases with 
the concentration of protein. This increase is not linear, but can be 
represented by a curve giving a limiting value. The limiting value is 
attained in this case when the concentration of protein is about 
0-8— -10 gjl (Pig. 3.) 

The ratio of the height of the ‘‘protein waves’' is 2: 1 and the sum 
of their heights is 118^2 mms at a galvanometer sensitivity 100 times 
reduced from the full value (i. e. at l*2xl0~’ amp./wm), whereas 
the diffusion wave of cobalt deposition in 2 x 10‘~"®n Co(NH^)^ Cl^ solu- 
tion has a height of 20 -f 1 mm and, including the first reduction stage, 
30 ±2 mm. At concentrations of hexammine-cobaltic chloride low^erthan 
5 X 10“^ w. the second protein w ave does not appear at all, only the first 
wave increasing wdth concentration of protein in the manner described 
above. This first w^ave reaches its limiting value of 15 mm in 3 x 10 
solution of the hexammine-cobaltic chloride at 1/100 of the original 
galvanometer sensitivity w'hen the concentration of protein is between 
0*4 and (>‘5 gjl. The diffusion wave of cobalt deposition is in this case 
3 mm^, which corresponds exactly to this concentration of cobalt. 

When the concentration of hexammine-cobaltic chloride is increased 
above SxlO-'^n the ratio of “protein waves” approaches 1:1; their 
dependence on the concentration of protein remaining, however, un- 
changed. 

At first, all these ex|)eriments were carried out in hydrogen atmo- 
sphere in order to avoid complications due to the reduction of oxygen 
from air. Since, however, the reduction waves of oxygen occur at 
much lower voltages than the waves due to protein, and also since 
it was possible to employ low galvanometer sensitivities at w^hich the 
reduction waves of oxygon are vanishingly small, further work w^as 
carried out wdth solutions containing air, which greatly simplified 
the experimental procedure. 

On measuring the kathodic potentials from polarographic curves it 
was established that protein additions displace the deposition potential 
of cobalt by ca. 0*2 volt towards a more positive value, so that in the 
presence of oxygen the reduction w^ave of hydrogen peroxide coincides 
with the diffusion wave of cobalt deposition, which therefore appears 
higher. 

The cobalt deposition potential is very sensitive tow ards small traces 
of the added protein and the gradual displacement of this potential 
towards more positive values can be observed only when protein is 
added in high dilution. 
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Further the use of a cobaltous salt solution instead of a cobalt- 
ammine was tried. In order to prevent any oxidation of cobaltous ions 
in ammoniacal solutions of ammonium chloride by atmospheric oxygen 
the solutions were prepared by mixing solutions of cobaltous chloride 
in ammonium chloride with ammonia in an atmosphere of hydrogen. 
When using the mixture of 0* 1 n ammonium chloride in 0- 1 n ammonia 
it is not possible to prepare a solution with a greater concentration 
of cobaltous chloride than 3 x since otherwise the precipitation 

of cobaltous hydroxide takes place. It has to be noted that these 
solutions can he prepared only by mixing ammonia with a solution 



2 X 10 a a CoCl^ in 10 ^ // NH^Cl in 10' ^ n NIJ^ in 61 X 10“= 2-4 gll 

“Blood Albumen”. (Each curve* wtaHs from — 0*8 volta.) 

of cobaltous chloride in ammonium chloride. (When aqueous cobaltous 
chloride solution is added to a solution of ammonium chloride in ammo- 
nia the hydroxide precipitation occurs even below the concentration 
of cobaltous salt given above.) 

The solutions thus prepared wei’e studied by means of the polarograph 
as before and results wore obtained as to the effect of protein on the 
current- voltage curve similar to those solutions containing the hexam- 
mine-cobaltic chloride which were described already. In a solution of 
2 X C 0 CI 2 in 0*1 71 NH^ Cl in 0*1 n NH^ the dependence of both 

“protein waves“ — which likewise appear here — on the concentration 
of protein can be expressed by the same curve which approaches the 
limiting value at the same concentration (viz. 1 gjl) of protein. The 
effect of protein was studied hei^. within the range of 3*1 xl0“^ to 
6*8 gll (Fig. 4.) 
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The sum of the heights of both “protein waves’’ is in this case 
somewhat greater than in the presence of cobaltammine and equals 
\2^±*d7nm, while the diffusion wave of cobalt deposition has increased 
in the same proportion to 32 ±2 mm which may be due to its greater 
diffusion velocity. At concentrations lower than 5 x of OoCTg 

only the first “protein wave” appears on the polarogram. Protein 
additions in this instance also j)roduce the displacement of cobalt de- 
position potential towards more positive values, and, when working 
with solutions saturated with air, the diffusion current of cobalt depo- 
sition is superposed on the peroxide reduction current. Thus, a perfect 
analogy exists betw^een the effects of bivalent and trivalent cobalt ions. 

The approximate equality of the limiting values of both protein 
weaves is, hoW'Cver, only an accidental fact, and it cannot be attributed 
to the equal normality of fche cobalt salt solutions, viz. 2 x 10“® n CoCl^ 
and 2 x 10“® n Co(NH^)f^(\, One could rather ex[)ect that equal heights 
of protein waves would be attained in solutions containing equal amounts 
of cobalt atoms, e. g. in 3 x 10 Co{NH^)/Jl^ and in 2 x 10—®^ CoCl^. 
However in this case the height of “protein wave” was found to be 
160 i3 7nm for the solution of cobaltammine and 124 for the 

eobaltous chloride solution, l^his discrepancy can be explained by the 
fact that, on electroreduction of the hexammine-cobaltic ion, ammonia 
molecules are set free at the kathode surface and, as it will be shown 
below , ammonia has a considerable influence on the increase of ‘‘protein 
waves”. When, ho-wever, in solutions of equal atomic concentration of 
cobalt the content of ammonia is increased, then the amount of am- 
monia molecules set free on the reduction of hexammine-cobaltic chlo- 
ride becomes negligible in comparison with the amount of ammonia 
added, and the height of “protein waves” approaches to the same 
limiting value for both cases i. e. for CoCVg and for Go(NH^)f^ Cl^, Thus 
in solutions of 

a) 3 X 10~® n Co(NH^)^C% in 1 n in 1 n NH^Cl 
and b) 2 xlO"® ti CoCl^ in 1 n in 1 n NHjOl, 

both containing 0-8 gjl of protein, the same height of “protein waves” 
480^5 mm at 1/100 of the full sensitivity of galvanometer) was 
observed. 

The dependence on the concentration of cobalt. In a fur- 
ther series of experiments solutions with varying contents of cobalt 
salt and constant concentration of ammonium chloride (0*ln) ammonia 
(0*1«,) and protein (0-25 g/Z - - 6-5 gll) were investigated. The concentra- 
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tion of cobalt salt varied between 7 x and 2 x 10~3??, iovOoCl^ and 

between 3x 10“~^ and 6x ur-^n {oTCoiNH^)/^!^, Within these limits the 
' ‘protein waves’ ' increase with increasing concentration of cobalt salt. 
When the concentration of protein is- at least just as high as is required 
for the attainment of the limiting value of the ‘'protein wave ’ (1 g/l), 
the dei>endence of this wave on the concentration of cobalt ions is 
a linear one. (Pig. 5.) At lower concentrations of protein, this dey^en- 
dence can be represented by a curve approaching a limiting value. 



10 NH 4 CI in 10 * NU^ in 0*25 gll “Blood Albuinon” 
in 3-6 X 10~*/i J-7 X 10- » /} Co(NH^UCh, 

Dey)endence on the concentration of ammonium ions. 
The role of ammonium ion is very interesting. In order to get the 
characteristic “protein waves” in the presence of cobalt — the ammo- 
nium ion cannot be replaced by any other ion. 

At a constant concentration of protein (0*25 gjl), in 01 w ammonia 
and 3xl(^~®n Co(NH^)qCIs solution the height of “protein waves” is 
directly proportional to the concentration of ammonium chloride 
which was varied from 4-8 x 10~®w to 3-5 x (Fig. 6.) Since 0*1 n 

ammonia solution has by itself 1*58 xlO~® normal concentration of 
A^j^^-ions, it can be easily understood why typical “protein waves” are 
found also with ammonia solutions in the comy)lete absence of am- 
monium chloride. Without knowing the dissociation constant of 
ammonia we can easily obtain the concentration of ammonium ions 
in an aqueous solution of ammonia, by extrapolating the curve for 
the dependence of “protein waves” on the concentration of NH^Cl 
in a given solution of ammonia towards zero concentration of ammo- 
nium chloride. 
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Such an extrapolation gives, for example, in 0*1 n ammonia solution 
{NH^) = 1*62 X 10~», which value is in excellent agreement with that 
calculated from the dissociation constant. At protein concentrations 
higher than 0-25 gjl the “protein waves” have a somewhat deformed 
shape owing to the occurrence of a flat maximum of the current. 

The linear relationship between the height of “protein waves” and 
the concentration of ammonium chloride ceases to be valid at high 
concentrations of NH^- ionn and can be represented by a curve 
tending to a limit. 



Fig. 6. 

3 X l(r Co{NHsi)/^l 4 in JO * n NH^ in 0*2 gjl “Blood Alhimion". 
in 4*8 X - 2 X 10 -*nNH^Cl. 


Similar experiments with cobaltous chloride could not be performed, 
because it was not possible to prepare such solutions of a reasonable 
concentration in ammonia, ammonium chloride being added only after- 
wards. It was found, however, that analogous phenomena occur when 
adding ammonium chloride to a solution containing initially 2 x 10~"^ 
C 0 CI 21 5 X 10^* w X 10 '*^ w NH^Cl and 2-5 gjl of ])rotein. In the 

absence of ammonium ions the “protein waves” do not appear at all. 
This circiimstance cannot be ascribed to the simultaneous precipitatioii 
of protein w^hich under these conditions takes place, as the ‘'protein 
waves” are produced again by the addition of ammonium ions. 

The dependence on the concentration of ammonia. Oo- 
baltammine solutions are not suitable for a study of this dependence 
w hich cannot be thus properly interpreted. - molecules are set 
free at the kathode surface during the reduction stage of hexammine- 
cobaltic ion and for this reason the exact concentration of ammonia 
at the kathode surface cannot be determined. 
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Therefore the experiments were carried out mainly with cobaltous 
chloride solutions. It was found, that in the presence of ammonium 
chloride alone the current intensity increases at the voltage of the 
cobalt deposition, the resulting polarographic curve having a some- 
what unusual shape (Fig. 7). The “protein wave“ is superposed over the 
diffusion wave of cobalt deposition in such a way that the height of 
the latter cannot be discerned, the curve exhibiting a diffuse maximum. 
On adding ammonia in approximately the same amount as that of 
ammonium chloride already present in the solution the curve attains 



10 ‘ n CV/.Vj, in 10 * n SH ^Cl in 0-61 - 1-2 <j,l “Klood Albiirnon" (3) 

SH, lidded. 


the familiar characteristic shajw? with two separate “protein waves” 
and the wave of cobalt deposition displaced towards more positive 
}K)tentials (Fig. 7 curve 3). On further additions of ammonia cobaltous 
hydroxide does not form as it w as the case in the absence of protein, but 
protein waves increase until their limiting value is finally reached. 
One may suppose that ammonia is being neutralized in this instance 
with protein. The height of the '‘protein waves” thus produced is 
simultaneously a function of the ammonia concentration. 

When using cobaltammine instead of cobaltous chloride analogous 
()henomena are observed, except that in the absence of ammonia in 
solution the three above mentionned waves do not overlap — as 
was to be expected. 

The influence of all these constituents of some solutions investigated 
is represented on the diagram Fig. 8. 
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Tests with other proteins. Plant proteins were tried first. 
Extracts of 1—2 g of rye flour in 1(K) cc of water or 0*1 n NH^Cl 
solution were prepared. 



Fig. 8. 


The clear solution was separated from the pasty substance which 
settled down, and added to mixtures of ammonium chloride, ammonia 
and cobaltous chloride or hexammine-cobaltic chloride. 

Qualitatively no difference was found in the behaviour of this 
solution as compared with that of the blood protein. On repeated 
extraction of the pasty substance, the resulting solution failed to 
show the effect. This may be explained by assuming that those consti- 
tuents of rye flour responsible for the characteristic ‘‘protein waves” 
were removed completely by the first extraction. 
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Similar exj^eriments were i)erformed with other proteins and both 
“protein waves” were found in the albumin, globulin and euglobulin 
fractions of human serum, in solutions of white of egg, in whey, in 
some varieties of wine-vinegar, in insulin, in beer, in some natural 
wines, and in an aqueous extract of sheeps' wool. On the other hand 
no effect was produced by gelatine, fermented vinegars, and aqueous 
extracts of pure silk. The polarographic test for proteins found b\' 
J. Heyrovsky and J. Babidka (1. c.) in solutions of ammonium 
chloride was tried simultaneously with our test, and has given con- 
cordant results. 

Two facts seem to be worthy of notice in these exy)eriments. First, 
that the aqueous extract of sheeps’ wool, which is practically insoluble 
in water, produces an effect equivalent to the effect of a solution 
containing 0*1 gjl of blood protein. Secondly, that silk and gelatine 
which are also proteins, do not ]>roduce any effect on the polarographic 
curve. The positive test with wool and the negative test with gelatine 
was also observed by •!. Heyrovskf and J. Babi^^ka in their stuclv 
(1. c.). 

The influence of temperature. Further knowledge was obtain- 
ed on investigating the influence of temperature on the “y)rotein waves". 
The measurements were carried out in a thermostat at 20^, 30", 
40^, 50®, 60®, 70®, 80® and 90® V. The increase of temperature ])roducecl 
only a moderate increase of the “protein waves" which was concordant 
with the increase of the cobalt deposition current effected by a more 
rapid diffusion at higher tem|>eratures. 

At higher temperatures the sha})e of the “protein waves” is some- 
what altered: the transition from the first to the second wave disap- 
y>ears gradually, the first wave growing at the exj>ense of the second one. 

In these experiments our attention was directed towards the 
changes occurring in the solution owing to the coagulation of proteins 
at higher temy^eratures. 

It is well known that the temy^erature of coagulation of a protein 
is lowest at the iso-electric yioint. In this instance proteins coagulate 
completely. In solutions either more acid or more alkaline than 
corresponds to the iso-electric point — acid-albumin — and alkali- 
albumin ions respectively are formed which are comparatively stable 
and can be held in solution even at its boiling point. When the solution 
containing 0*5 per cent of blood protein was coagulated in such 
conditions by boiling, no change in the polarographic curve was 
observed, although the liquid became strongly turbid. However, on 
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coagulating by boiling the protein dissolved in a neutral ammonium 
chloride solution — in which case it was possible to separate a clear 
solution from the precipitate — the filtrate gave qualitatively the same 
polarographic curve which, however, was about two times lower than 
that obtained before coagulation. 

These experiments suggest, that the described effect is not produced 
by the total amount of protein present in the solution, but that it 
(?an be ascribed rather to the action of some portion or constituent of 
this complex colloid system which resists coagulation. 

In order to obtain a more exact decision as to this side of the 
]>roblem, the following experiment has been carried out. A solution 
of the white of egg was held for 10 minutes in a thin -walled test tube 
dipped in boiling water. On cooling the liquid was squeezed out through 
a piece of coarsely textured linen and 15 gr of the remaining gruel -like 
matter was extracted by 100 ccs of cold water. The clear filtered 
extracts were added to a solution of 0*1 n NHyCl in 01 n in 10“® n 
cobaltous chloride (or in 1*5 x lO"-^/?- hexammine-cobaltic chloride. 
It was found that the extracts, even when diluted several hundred times 
still produced ‘'protein waves” of considerable height, although the 
amount of protein present in this case must have been undoubtedly 
less than the amount of blood protein giving the same effect on the 
])olarographic curve. A portion of the extract was then mixed with 
an equal volume of nj25 acetic acid to whicdi a drop of saturated 
ammonium sulphate solution had been added. A test tube with the 
resulting solution was dipped into boiling water and held at this tem- 
])erature for 1 hour. Such a procedure is usually employed for quanti- 
tative precipitation and estimation of proteins. A clearly visible turbidity 
appeared in the solution after this treatment and the precipitate could 
be very easily separated by means of a centrifuge. On polarographic 
investigation practically no difference was found between the effect 
of the extract thus treated and that of the initial, untreated extract, 
when in the same dilution. For certainty the effect of both extracts 
w as compared, in varying dilutions, in solutions of cobaltous chloride, 
of hexammine-cobaltic chloride and finally in solutions of ammonium 
chloride alone. In all these experiments no difference could be observed 
between the treated and the untreated extracts. Fig. 9. 

After such a coagulation of protein the solution can contain only 
the simpler products of proteins — e. g. albumoses and peptones, 
or possibly constituents resulting from a more radical decomposition 
of the protein — and these products may be responsible for the polaro- 
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graphic effect. When a solution contains a considerable amount of 
proteins, then on coagulation some portion of these more simple 
products is co -precipitated owing tn adsorption, and in such instances 
the polarographic effect is decreased. 

For identification or at least for an approximate determination of 
the nature of the protein constituent which causes the observed 
phenomena - a systematki investigation of individual amino-acids 
which are the ultimate constituents of proteins was iindertaken. For 
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this purpose the same solutions have been f>reparcd as before, but 
instead of adding protein, additions of glycoeol, asparagine, creatine, 
creatinine, arginine, leucine, and tyrosine were tried in a 5 x 10~^ moL 
concentration. None of the amino-acids named was able to produce 
the characteristic effect on the polarographic curve. 

However, a new astonishingly pronounced effect was observed in 
the presence of cystine (disulfide of a-amino /5-thiopropionic acid) in 
solutions of cobaltous chloride, ammonium chloride and ammonia. 
A clearly developed wave appeared on the polarographic curve precisely 
at the same voltage at which the second protein wave was observed. 
This wave had the characteristic diffuse maximum, which was found 
under certain conditions also with proteins. 

Even in the first experiment with cystine we met with a striking 
phenomenon, viz, that the height of this w’ave was far in excess (namely 
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500 times) of what would be expected, should this wave correspond 
to a reduction of cystine only. At a concentration of 2*4 xlO’-^m of 
cystine per litre in a solution of 2 X IQr^^nCoCl^, and 10~*^n 

NH^ the height of this wave, expressed in terms of the full galvanometer 
sensitivity was 2600 mm. 

The concentration of 2 x 10“® m/iitre represents the lowest limit for 
polarographic detection of reducible substances and produces only a 
small wave several mma high at the full sensitivity of the galvanometer. 

The enormous effect of cystine can be explained only as a catalysis 
of the hydrogen deposition. For this reaction a simultaneous presence 
of cobalt salts in solution is necessary, because in solutions of cystine 
alone (i. e. in the absence of cobalt) no effect whatsoever is observed. 
A detailed description of this phenomenon as well as a theoretical 
explanation of the mechanism of this catalysis will be given in a 
subsequent paper. How^ever, it is worth mentioning liere, how the 
polarographic effect of cystine and that of j)roteins (^ould be correlated. 

(Vstine is a constituent of f)racticaHy all proteins and those proteins 
in which this constituent is absent are comparatively rare. To tlu* 
latter group belong protamines, colagen (gelatine), proteins of silk 
and similar ones. It is remarkable that just these proteins (gelatine 
and the extract of silk) do not show the polarographic test for proteins. 

It is known further that cystine and cysteine form complex com- 
pounds with bi- and trivaleiit cobalt, the composition and constitution 
of these compounds being comparatively well knowm (see references 
in the subsequent paper). On the other hand, very little is known about 
the complex compounds of proteins with cobalt.^ 'i^) In the latter 
case one cannot definitely affirm the existence of true stoichiometric 
proportions. A somewhat definite indication as to the mode of binding 
of iron with gelatine and casein was adduced in a paper by C. V. 
Smythe and ('. L. A. Schmidt.^®) These authors have investigated 
this binding with the simplest amino-acids, and have arrived at the 
tjonclusion that the complex binding is mediated in this instance by 
certain groups within the molecule. The authors did not in\ estigate 
the analogous complex -forming groups in cystine (which are probably 
present in our case) because of insolubility of cystine in a neutral medium . 

As yet we have not^found any mention in literature on the relation 
of proteins to cobalt in which the special problem of binding between 
cobalt and the cystine nucleus could have been considered. 

As follows from the adduced experiments and from analogies with 
cystine analogous complex compounds of proteins with cobalt should 
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be po^ible. The conception that the polarographic waves observed 
with solutions of proteins correspond to a direct reduction of a reducible 
constituent of proteins mediated by a complex compound with cobalt 
has, however, to be definitely abandoned. 

The survey of the results giving the dependence of “protein waves’' 
on the concentration of ammonium chloride, ammonia, cohaltous 
chloride, hexammine-cobaltic chloride and finally of protein show s that 
the reduction mechanism is a very complicated one, and that most 
probably it is closely related to a catalytic action of cystine undei* 
similar conditions. 

As to the constituent of protein, which })roduces the polarographic 
effect described we can state only that it cannot be as simple as is 
cystine itself, but, on the other hand, it is not as complex as a protein 
molecule. The exi)erimental facts corroborating this conception will 
be described in the third part of this series of communications where 
the polarcjgraphic reactions produced by the j)roducts of j)roteolytic 
iind hydrolytic splitting of proteins wdll be described in detail. In the 
fourth pait the experiments with other metallu^ kations will be com- 
municated, especially those coneerning the effect of nickel salts. 

The Physico-Chemicdl In^stitute. 

Charles' University, Prague, 


S u ni 111 a r V . 

When electrolyzing with the dropping mercury kathode solutions 
containing cobaltous chloride or cobaltammines, ammonia and am- 
monium chloride in the presence of proteins of different origin, two 
characteristic waves were observed which do not coincide with a 
protein wave found by Heyrovsky and Babi^ka in solutions of am- 
monium chloride only. 

The dependence of these new “protein w aves” on the concentration of 
individual constituents of the solutions mentioned above was in- 
vestigated in detail. This dependence in each instance w hen the 
concentration of only one constituent has been varied at the constant 
concentration of other constituents can be represented by a curve 
approaching a limiting value wdth increasing content of this one 
constituent of variable concentration. 

The centrifuged solutions, after coagulation of proteins, give under 
the same conditions qualitatively the same test as untreated solutions. 
This test gives also quantitatively the same effect when the initial 
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.solution of protein submitted to coagulation is sufficiently dilute, and 
when acetic acid is used for coagulation. 

The same solutions containing various amino-acids instead of 
protein have been investigated and, in the case of additions of cystine, 
an analogous effect was observed. 

Because a very small concentration of cystine (2 x 10"~® mjl) produces 
an effect which is 500 times greater than would correspond to the 
simple reduction of this compound it is conc^luded that this effect is a 
catalytic one, the catalyzed reaction being the hydrogen deposition. 

The effects of cystine and of proteins are discussed and, taking 
into account the absence of the polarographic effect with gelatine and 
silk which do not contain cystine nuclei, the conclusion is drawn that 
the new '‘protein waves’" can be correlated w ith the presence of cystine 
nuclei in proteins. 

On comparing the effects of cystine and of proteins, it is concluded 
that the constituent of protein producing the polarographic effect 
cannot be as simple as cystine, and on the other hand, also not so 
complex as a protein molecule. 
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Dans une comnmnication anterieure^ ) il a eteinontro que leprocluit 
ionique du nitroy)ruHHiato mercuriqiie parait ctre de Tordre de 
jusqu'a ]0" et qiie, par corisequent, on pent titrer Tion nitroprussiato 
en solution aqueuse, tant neutre que aeidulee ])ar I'acide azotique. 
au moyen de I'azotate luercurique si Ton sc sort d'un dispositif 
potentiometrique pour deterniiiuM* le point d'equivalcnce. Dans le 
menie travail, on a donne Texplication de la fin de reaction, comme 
aussi des phenomenes qui raecompagnent lors du titrage mercuri- 
ni^trique visuol des chlorures, hromures et cyanures imagine et mis 
a point par E. VotoCek^) et gemSralement adopte de nos jours.®) 

Lorsque, plus tard, nous avons etudie la solubilite d’autres nitroprus- 
siates, nous avons constate que lenitroprussiate d ’argent Ag 2 F€(CN)^N() 
est si f)eu soluble dans Teau que la r^ictiori 

2Ag' I \Fe((\\),X()r Ag,[Fe(OX),X()\ 

se yrnHe au titrage argentirnetrique des nitroprussiates. 

Les mesures en question ont montre que le produit ionique 
. ffV(^W) 5 AY>" ] - 7*8 X 10^1® a 18®, c‘est-a-dire qu’en solution 
aqueuse saturee de ce scl la concentration [Ag'] est environ 2*5 xlO”"*’ 
a 18®. Cette v aleur se rapproche sensiblement de la concentration en ion 
Ag' d’une solution de chlorure d'argent dans les memes conditions. 

Les faits observes par I. M, Kolthoff^) lors du dosage conducto- 
metriquede Fargent au moyen du nitroprussiatede sodium permettentde 
supposer que la reaction s’accompUt effectivement suivant le schema 
signal^ plus haut, c’est-a-dire sans etre troubl^e par la formation de 
complexes. 

Jusqu'ii present, les sels d argent n’ont cHe appliques au dosage ni 
visuel ni potentiometrique de Fion nitroprussiate. L ctude de ce juo- 
blfeme fait Fobjet du present travail. 



!30 


Partie exp^rimentalo. 

1. Le dispositif potentiomctrique employ^ a deja ete decrit dans cette 
Collection,^) Ici encore Telectrode indicatrice a constituee par une 
lame d’argent sondee a iin fil de platine entour^> d’un tube de verre. 
Le circuit de conduction etait m6nag^ par un siphon garni d’une 
solution a 5% d’azotate d’ammonium exempt de chloi'e, TcSlectrode 
de comparaison etait forraee par une electrode k calomel satur^e. 

(bmme liqueur de titrage nous employions une solution de AgNO.^ 
X/IO preparee au moyen d’azotate d’argent cUalonn^ par rapport k un 
])oids exactement connu de chlorure de sodium fondu. Les autres 
liqueurs necessaires {KBi\ KI, NH^SCN) etaient sensiblement N/IO, 
leur titre a 6te determine potentiomctrique ment au moyen de la solu- 
tion d’azotate d ’argent signalee plus haut. 

Apres certaines expmen(*es ]>realab1es, un soin particulier a etc 
apporte au nitroprussiate de sodium et a ses solutions. Dans les premiers 
essais on avait, en effet, oii^re sur des solutions d’un nitroprussiate 
[Hirdu commerce. Les chiifresobtenus par titrage repondaient reguliere- 
ment k une consommation de AgNO.. A’/IO j)lus faible que celle 
calculee. L’echantillon de nitroj)rus8iate (Hait constitue par le sel dihy- 
drate, ainsi qu’il a 6tv constate par la mesure de sa deshydratation dans 
I’appareil enregistreur autornatique®) de S. Skrarnovsky.*) Une ana- 
lyse soignee revela que le sel renfermait une |>ropoi*tion notable de nitro- 
prussiate de potassium ( 14*36®/o). J\)intbesoin d’ajouterquele nitroprus- 
siate employe dans les dosages definitifs etait exempt de cette impuretc. 

L’etude de la deshydratation du nitroprussiate de soflium dihydrate 
montre que le sel est relativenient stable a la temperature du labora- 
toire (20®), sous la pression courante (730 — 750 mm) et k rhumidite 
relative d’environ 40%. line deshydratation lente a lieu seulement ala 
temperature de 100®. 

Les essais definitifs ont ete effectues en se servant d’un nitroprussiate 
de sodium de composition exacte, exempt de potassium (produit Merck 
pro analysi). Le sel a ^te conserve, a I’etat pulveJrise, en vase clos. 
IjCs solutions etalons ont ^t^ pr^parees en dissolvant 14*8951 grr de sel 
dans I’eau et en ramenant a 1 litre. Une telle liqueur maintient son 
titre pendant 1 rnois, k condition qu’on la conserve en vase de verre 
fonc^ ou au moins dans un'endroit obscur, Malgr6 cela, chaque s^rie 
de titrages a et^ faite avec une solution fraichement preparee, — Les 

♦) Ces mosures ont et6 fait(»s par M. Skraniovsky liii-in^me, co dont nous 
h* remercions vivement. 
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autres reactifs employes avaient la purete courante, la verrerie jaugee 
et graduee a vcrifiee par (?alibrage. 


2. Prodiiit ionique du nitroprussiate d'argent. 

DokS solutions equimoleculaires de nitropnissiate de sodium pur d’une 
part et d’azotate d’argent d’autre part ont t^e melang^es en rapport 
calcule, agitf^s, puis abandonnees au repos. Le yireeipite brun rose 
a ete recueilli sur un filtre de verre ej)ais, lave })lusieurs fois par de 
Teau distillee, transvase a Tetat humide dans iin ballon (jonique, puis 
agite soigneusement avee. de Teau distillee. Le tout a ete abandonne 
au repos dans un endroit obscur. Avee la sfdution saturet* de nitro- 
prussiate d’argent ainsi obtenue on a mesure^ y)otentiometriquement 
la force cdectromotrice d’une y)ile constituee yiar une cdectrode d’argent 
plongee dans la suspension et reliee a une electrode de calomel. 
Sur la rneme suspension fortement agitt^'C, la mesure a ete rey)etee 
apres ])lusieurs heures. Kile a montre que les y)otentiels observes sont 
tres (*onstants. 

A Taide des valeurs obtenues (jui, pour une* seric de nuvsures operees 
a 18” variaient de 0*2845 a 0*2855, ce qui r^pond a une moyenne de 
0*2840 volts, on pent calculer par I’eq nation de Nernst la concentration 
en ions argent dans une solution satur(5e de Af;2/'V((AV)5A7) et le 
})roduit ionique corresy)ondant. On a en effet: 

E E„ t- (»-()r.77 log a 1S“ log 


Pai, 


log -- 


E, E 
(l•<^^)77 


()-80(K) — E 
(h0577 


oil designe la force ele<*tromotrice mesuree, rapporteV. a Telecdrode 
(1 ’by drogene norm ale . 

l^a valeur moyenne (0*2840 volts) mesuree par rappoT*t a I'electrode 
de calomel saturee correspond a 0*2840 f 0*2504 0*5344 volts. 

On a alors 


0*8000 - 0*5344 




0*0577 


0*2656 

005 ^ 


4*60 


.46^*1-2*5x10 


Si done, pour une solution saturee a IS” de nitropnissiate d’argent 
la concentration en Ag* est egale a 2*5x10 quand 
- [Fe(ON),NO"l on a pour le produit ionique Mf/f . | Fe(rN),Mr'] - 
' = 7*8xl0-i». 

La concentration en Ag' dans une solution saturee de Ag(V etant 
1*05 X 10““^ dans les conditions signal^s, on voit que la solubilite des 
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deux sels est trew voisine, ainsi que cela resaort d’ailleurs de la maniere 
dont se comportent les ions CV et nitroprussiate lors dii titrage simul- 
tan6 par Tazotate d 'argent. 

3. Titrage poteutiometrique du nitroprussiate. 

A moins d’indieation contraire, les titrages etaient oper^es de la 
maniere suivante: 20*00 cc de liqueur titrc^e etaient diluees avec de 
Teau au volume de 100 k 150 cr, apres quoi on titrait soit directement, 
soit apres acidulation par J’acidc azotique, au moyen d’une solution 
sensiblement decinormale d’azotate d ’argent, en ayant soin d’agiter 
energiquemcnt a Taide d’un petit moteur electrique. 

La marche du titrage est tout a fait normale. Le liquide se trouble, 
desle debut, par le nitroprussiate d'argent d’abord (colloidal, coagulant 
plus tard, de couleur brim rose, l^a variation brusque du potentiol, 
bien que pas tro]i considerable, est tres nette. Le potentiel d’infiexion 
se trouve indifferemment pour une solution neutre ou moderement 
acidul^e y3ar Facide azotique a 0-280 volts environ (par rapport a 
Felectrode de calomel saturee). L’allure du titrage rappelle beaucouj) 
le titrage argentometrique de Fion chlore. C^ela ressort de Fexemple 
joint (essai 1) et du tableau 1, donnant une serie de resultats complfet<?“ 
ment d'accord avec^ les chiffres qu'exige I’equation donnoe plus haut. 

Ainsi qu’on pouvait s’y attendre d'apres Fanalogie avccj les chlorures, 
Fion nitroprussiate se laisse titrer exactement par le precede potentio- 
metrique en presence des ions iode, brorae et rhodane dans les conditions 
qiFon observe dans le titrage de ces ions en pivsence des chlorures.') 

11 est pr4ciy)ite en commun avec Fion chlore. mais la consommation 
totale est exac^tement c%ale a la somme des consommations partielles 
des deux reactifs (voir Fessai 6 du tableau 1). J^orsqu'on op^re le 
titrage en presence de bromure, on fait bien d'ajf)uter une solution 
saturee d’azotatc de baryum. On pent egalement titrer en j)resence 
d’acide sulfureux, ainsi que cela a ete prouve pour les autres haloge- 
nures.^) (Voir le tableau I, page 133.) 

Le dosage inverse, (*’est‘a*dire le titrage potentiom€%‘i<jue des ions 
Ag'piXT une solution de nitroprussiate de sodium, a, lui aussi, une marche 
tout a fait r^guliere; ici encore on obtient des chiffres exacts tant en 
solutions neutres qu’en oelles acidulees par I'acide azotique. Le poten- 
tiel d’inflexion est le meme‘ que pour le titrage argentometrique de 
I’ion nitroprussiate. 

Exemple: 20*00 cc de A(jNO>^ V/IO out consomme respectivn^ment 
19*98, 20*00, 20*02 vc de Na.Fe{CN%NO .211/) NllO. 
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Tablea 


Essai 

No 

TiT/iA on cc 

jV/ 10 on oc 

HtO 
on cc 

1. 

2(>00 

— 

80 

2. 

20-00 


80 

3. 

20 00 


70 

4. 

20-00 


70 

5. 

20-00 

--- 

70 

0. 

10-00 

10*00 

80 



0-1 r? Nad 


7. 

20-00 

20-00 

0-1 n KBr 

00 

8. 

20-00 

20-00 

O-l /z KBr 

20 

9. 

20-00 

20-00 

OlnNII^CNS ’ 

10. 

20-00 

20-00 

0-1 w KI 

00 


i I. 

Consommat ioi i 

de AgNO^ Sotv 

0-1 r? en cr 

19-9S 

2002 

19- 98 f 10 cr de HNO^ dil. 

20- 00 : lOcr deCWs^YX^/Zdil 

2(^02 \ 2 gr (\e Na^SO.^ 

20-04 f 10 rr de JFl,S(\ dil. 

j 20-14 

I 19-9() 

j 20-00 f 40 rr d’une sol. 

{ 19*98 satiuee de Ba{NO^Y 2 
f 20-02 
\ 20-04 



Kssai No 1 . 

20-00 cr 0-1 fi. Na.^Fe{CN)^N0.2HX) ; 80 rr de II J). 

rv de AgNO^ 0-1 n *r milivolts ).-r/.Ja 

O j 185 


10 

190 


18 

217 


19 

220 

10 

19*50 

228 

00 

19*70 

240 

80 

19*80 

248 

1 10 

19*90 

259 

220 

19*95 

270 

540 

20*00 

297 

340 

20*05 

:U4 

180 

20*10 

325 




75 

20*50 

355 


21*00 

390 



Maximum: 19*98 cc de AgNO^ 0*1 n. 

*) On a titn^ les traees de Br' accompagnant I’lodure. \ cur a ce sujot la 
Colhction 1929, 7, 443. 
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4. Titrage visuel du nitropruseiate. 

Le produit ionique du nitroprussiate d’argent et Tallure du titrage 
potentiom^trique permet de aupposer que Tion nitroprussiate se lais- 
serait titrer argentometriquement en milieu neutre suivant le pro- 
c^d^ Mohr, en liqueur neutre ou meme acide, en employant des 
indicateurs d'adsorption, suivant le principe de Fajans et, enfin, en 
milieu acide, il est vrai apres filtratum prealable seulement, suivant la 
mcthode de Volhard. 

Nous nous sommes assures que parrai les divers indicateurs d’adsorp- 
tion (fluoresceine, cosine, diphenylamine) aucun n’indique la fin du 
titrage. Uans le titrage suivant Mohr c'est surtout la teinte brun rose 
du precipite et sa nature colloidale qui genent. Le virage du liquide 
au-dessus du precipite, dii a la formation du chromate d’argent, 
apparait avec un retard prononce meme lorsque Teclairage pendant 
Tessai est excellent. Le dit retard se manifeste par une consommation 
d’azotatc d’argent depassant de 1 a 2% celle qu'on calcule: une 
concentration trop elevee de meme qu’iine dilution excessive nuisent 
Tune et Fautre a la precision des r^sultats. Meme dans les conditions 
les plus favorables le virage manque de nettet^. Le tableau qui suit 
resume les chiffrea obtenus dans ces titrages: 


Tableau II. 


Essai 

No. 

Na^Fe{aN),NO K^CrO, 
0*1 n en cc u 

Kan 

‘ distiU^o 

Consommation 
i\v AgNO^(\'lri 

Jficart 

on 

Nolo 

1. 

20(M) 

1 cc 

on cc 

t*n cc 

20*28 

^-1*4 V^irage peu net 

2. 

20-()() 

1 cc 

30 

20*20 

-f i-:i 


:f 

2()'0() 

1 (Y* 

80 

20*30 

-t 1-5 


4. 

2000 

2 or 

180 

20*20 

+ J-3 


5. 

20*00 

3 or 

180 

20*o0 

hl-5 

indistinct 

T). 

10*00 

1 or: 

10 

10*10 

flO 


7. 

5*00 

1 cc 

15 

5*08 

4- 1-6 

un peu plus net 

S. 

5*00 

2 cc 

40 

5*00 

-1-1-2 

net 

Pour etfectuer le titrage 

visuel du nitroprussiate, le mieux est d’em- 


ployer le proced^ Volhard, e’est-a-dire d'ajouter ^ une solution 
acidulee par Facide azotique un exefes connu d’azotate d’argent, de 
ramener k un volume connu, d’abandonner le liquide au repos (aprfes 
agitation prealable) et de filtrer par un disque de verre k filtrer ou 
par un filtre de papier suffisamment epais. Dans une partie aliquote 
du filtrat limpide on determine Fargent non consomm^ par titrage au 
rhodanure d’ammonium N/IO avec Falun de fer comme indicateur. 
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Exemple : 20*0() cc de Nd^F e(GN)^NO . 2 H 2 O N j 10 ont ete acidul^H par 
HNO^, puis pr^cipit^s par 50*00 cc de AgNO.^ NjlO. 

En ballon jauge, on a ramene le volume a 100 cc, et filtre. 50 cc de 
filtrat limpide ont consomme 15*02 cr de rhodanure d'ammonium N lO. 

Resume. 

1 . Le produit ionique du nitroprussiate d'argent | Ag*y‘ ,\Fe(CN}QNO"] 
est egal it 7*8 x 10^^®. La concentration en ions dans line solu- 
tion saturoe de ce sel est do 2*5 x 10“®. La solubilite du nitroprussiate 
d'argent se rapproche done de celle du chlorure d'argent. 

2. Le titrage potentiometrique de I’ion nitiopnissiate par Tazotate 
d’argent suit oxactement FcVpiation: 

2Ag !* \Fe{CN)^X()Y' . Ag^FeACN^XO. 

(^ue I'on verse la solution argentique dans celle de nitrojuussiaW ou 
inveraement. On peut titrer le nitroprussiate en presence de bromures, 
rhodanures ou iodures et simultan^ment avec les chlonires. 

3. Le titrage visuel d’un nitroprussiate soluble peut etre fait exacte- 
nient si Ton se sort du procMe Volhard. Le titrage selon Mohr est 
bien possible, mais le virage signalant la fin de la reaction mancjue de 
nettete. 

en fevrier 1933. 

InHiifut de Chimie (umlytigue 
de rUniversM Charles a Prague 
( Tchecoalovaquie ) . 
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ESTIMATION OE TUNOSTEN Hi MEANS 
OF o HYOttOXYQUINOLINE IN A COMPLEX OXALATE MEDIUM 

by A, JUmK and A. HYSANKK. 

Tn endeavouring to find a more convenient method for neparatiug 
tungsten from tin the present authors investigated the behaviour of 
both these elements in the highest valency state towards o-hydro- 
xyquinoline in different media. As is known, already R. Berger and 
others have used this reagent for estimating Cu\ Cd>\ Zn\ Mg*\ 
Fe\ Fe*\ Br\ Ar\ Mn\ Nt \ Co \ MoO\, Tr^ etc. It was found 
that both elements mentioned in their highest valency state are not 
precipitated by the reagent in question from an aqueous solution (H)n' 
taining a mineral acid. Prom an approximately neutral solution con- 
taining ammonium acetate tungsten is precipitated, a stannic salt, 
however, is hydrolyzed simultaneously, forming an insoluble product. 
If to a solution of stannic salt, or of a tungstate, ammonium or alkali 
tartrate is added, only tungsten is precipitated ))y odiydroxyquin(j- 
line. However, this sei)aration of tungsten is not quantitative. When 
ammonium oxalate is used instead of a tartrate, tungsten is precipit- 
ated quantitatively, all the tin remaining in solution. 

Because in the literature accessible to us no data were found con- 
cerning estimation of tungsten by means of o-hydroxyquinoline, 
investigated first the exact conditions of a quantitative precipitation 
of tungsten in an oxalate medium, paying at the same time due regard 
to the influence of alkah salts and the acidity of the solution. The 
separation of tungsten from tin by means of o-hydroxyquinoline in 
an oxalate medium is still under investigation. The following summary 
is a result of the first part of our study. 

The experiments were made with de Haen's sodium tungstate pur. 
crist. the titre of w^hich had been determined by known methods. 

In 25 CCS of the standard solution 107-5 of W (mean of 4 estim- 
ations) were found with mercurous nitrate, 107*4 mgs of W (mean 
of 3 estimations) by evaporating with nitric acid, and 107*4 mgs of W 
(moan of 3 estimatiouvs) with benzidine hydrochloride according to 
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K nor re. The following procedure was found to })e the most conve- 
nient one for estimating tungsten by means of the o-hydroxyquiuoline. 

To a tungstate solution containing at most about 01 (jr of W 5 r/r«s* 
of oxalic acid p. a. (giving no weighable residue on combustion) an* 
added together with 5 grs of ammonium acetate j). a.: the solution 
is diluted with water to 150 200 cc^ neutralized with dilute ammonia, 

using methyl red as indicator, heated tf) 00 — SO^>(^ and })recipitated 
with 2 cc of the reagent containing 20 grs of o-hydroxy quinoline in 
50 cc of glacial acetic acid, whereu])on it is left standing at this tem- 
perature for 1 — 2 hours. For a quantitative separation a three- to 
fourfold excess of the reagent is necessary. When the solution has 
Ixicome clear, the yellow, amorphous, but easily filterable precipitate 
is filtered off, using Schlei(?her and SchulFs filter (blue band), washed 
with dilute ammonia neutralized in ])resenc,e of methyl red b\ a hot 
solution containing 5 grs of oxalic acid and 5 grs of ammonium ace- 
tate, to which 1 cc of the precij>itating reagent as prepared above 
had been added, and afterwards with cold water. The total volume 
of the V ashing liquids is about 300 cc. The washed juecipitate is dried, 
the filter is burned carefully wdth addition of oxalic* acdd and the 
preciyiitate ignited at 800® to constant weight as 

It was ascertained by analysis that the de]>osit formed in the way 
described above contains about two moleculc\s of o-hydroxy(|uinoline 
to one molecule of tungsten trioxide. Because the precipitate retains 
a greater amount of the hydroxyquiiioline w Inch cannot be washed 
out with w^ater, it is unsuitable for a quantitative estimation of tungsten 
as such, if dried only to 100 — 130® C. The results foimd in observing 


the directions given above are summarized in Table 1. 

Table I. 

Found 

I'akon U’ ttiga mga IF Diffcroucc nuju H" 

107*5 135-3 107*35 ™ 0-15 

135-2 107-3 - 0-2 

135-7 107-05 r 0-15 

135-7 107-()5 i 0-15 

21-5 26-S 21-25 - 0 25 

27-3 21-65 I 0-15 

1-72 2-2 1-75 f 0-03 

2-2 1-75 i- 0-03 

0-7 0-55 + 0-12 

0-4 0*32 - 0-11 


0-43 
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From these results it is apparent that the method is suitable even 
for very small amounts of tungsten. 

Table II shows the influence of alkali salts. 

Table TI. 

Taken Foiinci Difference 


mgs W 

rnga WOj^ 

mgs W 

mgs W 

Note 

107*47 

135-7 

107-02 

f 015 

15 cc of cone, nitric acid 
neutralized by potas- 
sium hydroxide. 

85-97 

108-1 

85-74 

- 0-23 

15 cc of cone, sulphuric 
acid neutr. by KOH, 

()4-48 

81-4 

04-50 

4- 0-08 

l{^Ts of sodium chloride. 

21-49 

27-0 

21-41 

— 0-08 

li) grs of sodium chloride . 


It is seen that the presence of even greater amounts of alkali salts 
of mineral acids has no influence on the results. 

However, the reaction of the solution has a considerable influence, 
because the results are lowered to a marked degree by addition of 
a greater amount of acetic acid, as is apparent from Table TIL 


Table 111. 


Acetic 

acid 

cc 

I’akon 
7ngs W 

Found 

mgs WOr mgs \V 

Different ‘ 
mgs W 

% W’ 

Koto 

15 

108-2 

131!> 

104-6 

3-0 

96-68 


0 

108-2 

133-8 

106-1 

-- 2-1 

98-07 

V'^olunie 

3 

108-2 

134- 1 

106-3 

- 1-9 

98-30 

500 cc. 

1 

108-2 

135-1 

107-2 

- 1-0 

99-02 



The precipitate separated from a stronger acetic acid medium has 
also a more crystalline character because of its greater solubility in 
this environment. Also more strongly alkaline solutions dissolve the 
precipitate distinctly. 

Institute of Analytical Chemistry 
of the desH vysoke uceni technickd, Brno, 


ERRATA. 

Bans le travail de 

S. Landa et V. Ma*bha6ek: Sur Tadamantane, nouvel hydro- 
carbure extrait du naphte (p. 1, No. 1, ann^e V.) 

au lieu de lire 

Ullrich, Debay-Scherer Ulrich, Debye-Scherrer. 



CONTRIBUTION AU DOSAGE COLORIMfiTRIQUE DES AZOTITES 

DANS LES EAUX 


par R. I’ZKL. 


Pami lo8 mdthodes proposees au dosage colorim^trique des azotites 
dans les eaux, notamment potables et minerales, on se sert le plus 
souvent de cclle de Grieas modifi^e par Ilosvay et Lunge.^) Ruivant 
ce precede on ajoute 20 — 50 cc d’eau k analyser '/,o de volume de 
r^actif (O'l j^d’a-naphtylamine et 0-5grrd’acide sulfanilique dans 300 ce 
d’aoide acetique 4tendu, le plus souvent 30%), et Ton compare 
la coloration rouge violet, produite en presence d’azotites, avec imo 
coloration ^talon. 

Pour qu'il y ait formation de sel diazoique et de colorant azoique, il 
faut que le liquide r^actionnel soit acide. Dans le precede primitif, 
Griess acidula par I’acide sulfurique. Ilosvay montra que la reaction 
devient plus sensible lorsque les acides sulfurique ou chlorhydrique 
sont remplac4s par I’acide acetique. Cela est corrobor^ par le travail 
de Beckleben, Lockemann et Eckardt®) qui observent que la 
presence d’acide azotique rabaisse la vitesse de la reaction et I’intensit^ 
de la coloration. 11 en ressort qu’une acidity faible est favorable k la 
sensibility de la inaction. 

D’autre part, les experiences acquises k notre laboratoire ont montre 
que I’acidite du melange reaotionnel ne doit pas non plus etre trop faible 
si Ton veut que la reaction des azotites reste suffisamment sensible ou 
mSme qu’elle apparaisse. Des eaux k alcalinite un peu considerable 
et renfermant des azotites ne donnaient avec le reactif Ilosvay-Lunge 
pas ou presque pas de coloration si I’on procedait suivant la methode 
indiquee. Ce n’est qu’apres addition d’une quantity plus forte d’acide 
acetique que la reaction apparut et qu’on put la comparer avec un 
fessai de contr^ execute k I’aide de la m-phenyienediamine*) ou du 
reactif naphtolique.*) 

II est done evident que la reaction de Griess n’est sensible qu’entre 
oertaines limites de concentration en ions bydrogene du milieu re- 

10 
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actionnel. J'ai juge n^cessaire de determiner ces limites et de chercher 
les conditions optimum de la reaction. 

A cet effet j’ai prepare des solutions tampons suivant Clark et 
Lubs, comme elles sont indiquees dans Touvrage de Kolthoff,®) et 
cela pour des pn allant de 1*0" 6-0" et difierant les unes des autres 

de 0*2. Le controle des /)// etait opere au moyen du comparateur 
Hellige k disques tournants. A des volumes egaux de solutions tarn-- 
pons repartis dans des tubes a essais on a ajoute des volumes egaux 
d'azotite de sodium, puis Vio de volume d’un rdactif obtenu en dissolvant 
0-1 gr d’a-naphtylamine et 0-5 gr d'acide sulfanilique (produits Kahl- 
baum pour analyse) dans 300 cc d eau. Le reactif ainsi prepare pre- 
aente pu ~3-0 et, ainsi que j’ai pu le constater, ne produit aucune 
variation sensible de Facidite des solutions tampons. 

Je poursuivis, apres cela, Failure reactionnelle des diverses solutions. 

Par une serie d’essais, dans lesquels j'ai mis en ceuvre 5 cc de solution 
tampon, 0-5 cc de reactif et 0-1 cc d’line solution d’azotite de sodium 
correspondant a 0-1— 1*0 cc (1 y =0*001 mgr) de iVgOs, ce qui fait 
approximativement 0*02“ 0*2 mgr de par litre, j’ai etabli que 

les limites du p//pourla sensibiliteetla vitesse maximum sont reguliere- 
ment comprises entre 2*6 et 2*8, done dans des limites assez ^troites. 
Au-dessus et au-dessous dont de cette limite la sensibility de la re- 
action diminue presque dans la meme mesure. 

En employ ant 1 y de la ryaction apparait le plus tot chez les 
solutions dont le pu varie de 2*6 k 2*8, e’est-a-dire, a la tempyrature du 
laboratoire, au bout d’une minute environ. Peu k peu elle se fait sontir 
aussi chez les solutions a pu infyrieur ou supyrieur; apres 10 minutes 
elle devient visible entre les limites pu — 1*6 — 4*0". Apres d’heures 

d’attente une ryaction tres faible apparait meme pour les valeurs limites 
de Pu = 1*2 — 4*2. Le maximum de coloration pour les valeurs pu 
2*6 — 2*8 reste tres marque. I)eux solutions a pn ygal de 2*2 mais de 
eomposition differente (Fune renfermant le tampon HCl — KCl, Fautre 
HCl et d\i biphtalate de potassium) prysentent la meme intensity de 
coloration. On voit que la sensibility de la ryaction dypend uniquement 
du Pu de la solution. 

J’ai ensuite dyterminy le pu d’une solution obtenue par myiange du 
reactif Ilosvay-Lunge (prepare par dissolution des corps signaiys dans 
de Facide acytique 2 n) avec de Feau distiliye dans le rapport 1 : 10, 
tel qu’il existe dans la pryj^aration des solutions types; la valeur de 
pu est ici 2*6, elle est done optimum. Si, toutefois, le dosage colon- 
mytrique doit presenter la prycision voulue, il est indispensable que 
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le Ph du liquide examine soit approximativement le meme que pour 
la solution type, fividemment on ne saurait I'obtenir toujours par 
simple melange de I’eau et du reactif, surtout lorsque I’eau presente 
une afcalinit^ bicarbonat^e un peu considerable. Dans ee cas, on 
determine d’abord Talcalinite de lean par titrage a I’acide chlorhy- 
drique en pnJsence de jaune methyle, puis on neutralise Teau examinee 
par le volume necessaire du dit acide, on ajoute 1% de la quantile 
totale d ’acide ac^tique et 10% de reactif prepare en dissolvant 0*1 gr 
d’a-naphtylamine et 0*5^r d'acide sulfanilique dans 300 rr d eau. Cette 
solution aqueuse est, elle aussi, stable, de mcmie que la solution dans 
I’acide acetique dilue. On dilue les solutions types de maniere qu’elles 
renferment environ 1% d ’acide acetique, et, apres avoir ajoute le 
reactif, on procMe suivant les indications de la litterature. 

Dans le calcul il faut evidemment tenir compte de la dilution du 
liquide due aux acides ajout^s, 

I/acide acetique convient moins a la neutralisation de beau, parce 
que la quantitc!^ ulterieure d’acide necessaire a obtenir le ;>// optimum 
depend de la concentration des acrtates formes i)ar la neutralisation. 

Un autre essai a ete fait avec une eau minerale (Vincentka de 
Luhadovice). 100 cc de cette eau ont consomme a la neutralisation 
(indicateur jaune methyle) 14'()cr de HCl nf2. Lean ne contenait pas 
d’azotites. L'un des e^chantillons a ete neutralise par une quantity de- 
terminee d acide chlorhydrique, les autres 5 echantillons par la quan- 
tity equivalente d'acide acetique. A rechantillon 1 on a ajoute 1% 
d’acide acetique, aux autres echantillons respectivement 8, 6, 3*1 et 
0*5 de meme acide, apres quoi on a determine le pn dc ces diverses 
solutions. Pour les deux premieres il est })resque cgal, soit 2-8, pour 
les autres respectivement 3*0, 3-4, 3-8 et 4-2. A 50 rc de chacune de 
ces solutions on a ajoute une quantite egale d’azotite repondant 
k 0*015 gr de (soit 0*3 mgr par litre) et 5 cc de reactif Ilosvay 

en solution aqueuse. La solution etalon a ete jireparee par addition 
de la meme quantite d'azotite et de reactif a 50 cc d’acide acetique 
^ 1 %. Les petits cylindres ont ete plonges dans I’eau de 70*^ pour 5 mi- 
nutes, apr^s quoi les solutions ont ete comparees avec la solution e'talon 
au colorimetre de Dubosq. L'une et I’autre solutions a pn = 2-8 ont 
revile la meme teneur en que la solution etalon, celle a p// - 3*0 
en a r^vyie 2% en moins, celle a pn = 3*4 meme 10% en moins. 
Quant aux solutions ulterieures (de pu == 3-8 et 4*2), il a ete impossible 
de les comparer colorimytriquement avec la liqueur etalon, parce que 
la coloration ytait trop faible (a peine aperceptible pour la deuxieme) 


10 * 
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et parce que la nuance differait nettement de celle de la liqueur 
4talon. Get essai g’accorde done avec ce qui a 4te trouv^ auparavant. 

R^sum^: 

La reaction de Griess des azotites servant ^ leur dosage colorim4trique 
dans les eaux depend ^ un degre considerable de la concentration en 
ions H' du liquidereactionnel. L’optimum de sensibilite est pourpn — 2-6 
a 2- 8. Dans les dosages exacts il faut que la solution h, examiner et 
le liquide tyjKJ aient le meme pn . 


Jnstitut de Chimie analytiqw. 
A VUniversiU Charles Prague 
( TcMcoslovaquie ) . 
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EMPLOI 1)E L’ACIDE SALICYLIQUE COMME 
ETALON ACIDIM^TRIQUE 

par S. SKRAMOVSKY. 

Les qualites exigees d’un etalon titrirnetrique sont levS suivantes: 1.11 
doit eonstituer une espece ehimique exactement dofinie, pour qu’il 8oit 
j)ossible de le j)roparer a Tetat de }mreto garantie, 2. il doit pr(^senter 
line Htabilite suffisantc. 

L'acide oxalique employe en acidimetrie est bien un corps parfaite* 
inent defini, mais sa preparation ne donne pas ])leine garantie de 
sa jiurett^ vu qiie o'est un corps (jui se si^pare de scs solutions acjueuses 
avec 2 mol. d eau et pent, par consequent, retenir des eaux meres 
dans ses cristaux. Outre cela, bien qu’il soit assez stable a la tempe- 
rature ordinaire, il ne saiirait etre d(^>arrasse des traces d’humidite 
par chauffage ou par un s^jour an dessiccateur, sans qu’il perde un 
jieu de son eau de cristallisation. Sous ce rapport, les cjorps capables 
d etre sublimes presentent un avantage considerable, car on pent les 
obtenir a Tetat de puret(5 garantie. Parmi ces etalons ce sont surtout 
les acides lienzoique et salicylique qui entrent en ligne de compte. 

l/acide benzoique sublime est aujourd’hui fabrique industriellement 
a Tetat tres ])ur pour servir d’tHalon calorimetrique; il a meme deja 
et6 utilise comine etalon acidimetrique. 

Quant a Tacide salicylique, on peut 6galement I’avoir a Tetat de 
puret6 garantie. 

L’un et Tautre acides se laissent aisement siiblimer sans decomposi- 
tion et quand ils sont en gros cristaux, ils sont tout a fait stables 
k Fair. En effet, c’est seulement la forme volumineuse qui attire Thumi- 
dite atmospherique. 

Les fabriques de produits chimiques de Kolfn pr^s de Prague 
(Akciov^ lufiebni tovarny v KoUn6) ont eu Tamabilite de preparer pour 
mes recherches de Tacide salicylique en gros cristaux et a I’^tat de 
puret^ absolue. Des essais de controle ont montr^ que le produit 
n’attire pas du tout Thumidit^ de Fair. 
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L’acide salicylique presente en outre Tavantage de poss^der un 6qui- 
valent relativement ^leve, ce qui entre en ligne de compte notamment 
dans les laboratoires munis de balances moins sensibies comme c’est 
sou vent le cas dans les laboratoires des pharmacies (sensibilite pres- 
crite de 1 pour une charge 50 gr), L’acide salicylique est enfin un 
produit officinal dont la purete est suffisamment v^rifiee par les essais 
presents par la pharmacopee. 

Le seul inconvenient de Tacide salicylique est sa faible solubilite dans 
Teaii, ce qui oblige k operer les titrages en solution hydroalcoolique. 
Mes essais ont d’ailleurs d^montr^ qu’il suffit d’une quantite d’alcool 
minimum pour le dissoudre et que les cristaux eventuellement separ^s 
lors de Taddition de Talcali aqueux sont suffisamment fins pour rentrer 
en solution avec la plus grande facilite. Une dose d’alcool un peu forte 
serait nuisible, car edle ferait varier la sensibilite de Tindicateur li^e 
a la constante de dissociation des acides et bases correspondants. La 
propre acidit^' de Talcool mis en oeuvre est negligeable. 

Partie exp^rimentale. 

Vu que les trois etalons compares, les acidcs oxalique, benzoique et 
salicylique, pr^sentent tous un haut degre de purete, il etait evident 
que des consommations considerables en liqueurs titrees seraient no- 
ccssaires pour etablir d’une maniere sure les ecarts entre les divers 
titrages. A cet effet, je me suis servi d’une burette munie d un reservoir 
sphe^rique de 90 ce de ca})acite. Le reservoir tUait lie a son bout infe- 
rieur a une courte burette a divisions allant de 90 a 100« et a bee 
decoulement tres fin. Uet arrangement permettait d’eliminer les 
erreurs dues k Tadhesion des liqueurs aux parois des burettes longues 
laquelle empecherait le menisque de se fixer rapidement. Grace a cela, 
meme pour des consommations de 100 ce environ les lectures ont 
faites avec une precision de de cc. La burette a ete exactement 
jaugee au moyen d’eau. Tous les titrages (Haient oper6es dans les 
rnemes conditions et pour une meme vitesse d’ecoulement. 

La liqueur decinormale de potasse caustique a ete debarrassee de car- 
bonates par addition de Ba(0H)^ de maniere a garder un faible exces 
de celui-ci. La liqueur ^tait conserve dans un vase de verre sodique 
sous une forte couche (3—5 centimetres) d’huile de paraffine. De cette 
maniere il a et6 possible de conserver notamment les solutions nj^ 
d’alcali pendant de longs mois sans que letitre subit aucun changement. 

(Jomme substance fondamentale j’ai pris I’acide oxalique pur 
(equivalent -63 048) titre indique de 99*85%. Sa teneur a ^t6 con- 
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trol^e oxydimetriquement au moyen de Toxalate de nodium pur, s^che 
d’apres SOrensen k 150®. Get oxalate a et6 consid^r^. comme pur 
100%, d’oti j’ai calculi pour mon acide oxalique une teneur de 99*935. 
Cette determination, elle aussi, a ete faite en employant la burette 
mentionnee plus haut, de sorte qu’il a ete possible de reproduire les 
valeurs obtenues a un centieme de pourcent pres. C’est par rapport 
a cet acide que j'ai etabli le titre de la soude caustique ri/jQ qui a servi 
au titrage des autres etalons. 

L'acide benzoique (equivalent ~ 122*048) a ete employe sous forme 
d’un produit sublime tel qu’il sert aucalibrage des bombescalorimetri- 
ques. Avant d’etre mis enceuvre il a ete seche pendant plusieurs joui K 
sur le chlorure de calcium. 

La valeur calorimctrique indiquee etait de 0325 cal. pour 1 gr. 

Le mode operatoire etait le suivant: De 1*10 a 1*20 gr d’acide 
benzoique ont ete dissous dans 10 cc d’alcool. puis titres })ar KOH 
en yiresence de phenolphtaieine. Au cours du titrage on voyait appa- 
raitre de fins cristaux d’acide benzoique (pii toutefois entrerent en 
solution lors des additions ulterieures d’alcali, et cela d’une maniere 
inte^grale, comme le prouvait la Constance de la coloration rose a la 
fin du titrage. 

L acide salicylique (equivalent — 138*048) a e^galernent ete pris a 
retat sublime et en gros cristaux. On le conservait sur du chlorure 
de calcium. On essai de controle a prouve que le produit est tout 
a fait stable a Tair. 


Pour le titrage, on opeVait comme dans le cas de Tacide benzoique: 
1*30 gr environ d’acide salicylique, dissous dans 10 cc d'alcool, ont 
etc titres, en presence de phenolphtaieine, au moyen de KOH njiQ, 
Tci encore on voyait apparaitre de fins cristaux d’acide au cours du 
titrage, mais ce fait ne genait nullcment et n’infiuait pas sur le re- 
sultat du titrage. 

Outre les essais faits avec 1 ’acide salicylique des fabriques de Kolin,. 
d ’autres experiences ont ete executees avec un produit de provenance 
etrangere. L’un et I’autre produits ont donne des resultats identiques. 

Voioi, resumes en un tableau, les chiffres obtenus dans les essais. 



Acide benzoique 
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Mis en crnivre 
gr: 

Acide salicylique ,,Kolm‘‘ 1*3410 

1*3582 

Acide salicylique de 1*2734 

provenance etrangere 1*2593 

En ])renant pour base Ic facteur obteiiu par le titrage de Tacide 
oxalique (99*935%) et en le mettant egal a 1, on obtient pour les 
divers acides les ocarts suivants: 


Aoido: 

Valour : 

ficart en 

oxalique 

1*0000 


benzoique 

1-0000 

0*00 


1*0002 

H 0*02 

salicylique ,,Kolm‘‘ 

0*9986 

-0*14 


0*9988 

™ 0*12 

salicylique de 

0*9992 

— 0-08 

provenance etrangere 

0*9989 

-on 


Oonsommation 
de KOH n/10 Facteurs: 

en ce: 

96*77 1*00384 

97*99 1*00405 

91*84 1*00441 

90*85 1*00411 


A [){)licaiion aux solutions norrnales. 

Vu que dans la pratique des pharmacies on se sei*t froquemment 
de solutions norrnales, j’ai essayed ’etablir si Facide salicylique convien- 
drait pour la determination dedeurs facteurs. Malgre la quantite assez 
forte d’acide, le titrage s’effectue nettement, sans qu’il se sejiare des 
cristaux d’acide. La fin du titrage a la j)henol}>htaleine 6tait tres nette. 
Tons les titrages out etc operes au moyen d’une burette etalonnt^ 
et entre les memes limites de ses divisions. 

Mode operatoire: L’acide a etc dissous dans 20 rr (Falcool et titre 
par KOH nj^ en presence de phenol])htal6ine. 


Acide: 

Mis on (euvr(‘ 
gr: 

oxalique 

1*3046 

1*8254 

salicylique 

3*0397 

„koHn“ 

2*5188 

Moyenne pour Facide 
pour Facide 


CoriHommation 
do KOH nil K aottnirs : 

c*n cv: 

21-47 0*9635 

30 10 0*9616 

22*90 0*9615 

18*93 0*9639 

oxalique: 0*9626 

salicylique: 0*9627. 
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R4sum6: 

L’acide salicylique, qui est officinal et dont la purete est garantie 
par la Pharmacop^e, peut 6tre employe comrae etalon acidiraetrique, 
k r6gal des acides oxalique et benzoique. 

Les facteurs de I’alcall n/i„ obteiius en employant I’acide salicylique 
8ont d’environ O’ 10% inferieurs k ceux etablis au moyen des deux 
derniers acides, ce qui est peut-etre du k la function acide de I'oxhy- 
dryle phenoliquc; les facteurs de I’alcali nj^ 4taient identiques a 
ceux obtenus au moyen d’acide oxalique. L’acide salicylique eonvient 
egalement aux solutions normales et aux decinormales, en presence 
d’une dose limits d’alcool comme solvant et de phenolphtaleine 
comrac indicateur. 

Son equivalent relativement 61eve est avantageux dans la pratique 
pharmaceutique. 

Mai mi. 

hisfiiut de Chimie ph/trimccuHque 
d I'Universite Charles de Prague 
(TcMcoslomquie ). 



POLAROCiRAPHIC STUDIES WITH THE DROPPING MERCURY 
KATHODE. — PART XXXII. — ACTIVATION OF HYDROGEN 
IN SULPHYDRYL GROUP OF SOME THIO-ACIDS IN COBALT 

SALT SOLUTIONS 

by R. BRDlC'KA. 

In the preceding paper of this series (Collection J. p. 1 1 2.) the author 
has pointed out the analogies existing between cystine and f)roteins 
in their catalytic effect on hydrogen deposition at the dropping mer- 
cury kathode which takes place at a more positive kathode potential 
than corresponds to the normal overpotential of hydrogen at the mer- 
cury surface. These analogies furnished a suggestion for an investig- 
ation of disulphidic and sulphydryl groups. The very important 
function of these groups in the oxidation processes taking place in 
living tissues has been the object of many studies since the discovery 
f)f glutathione.*) 

In order to establish the nature of these oxidation processes some 
authors have measured the oxidation-reduction potentials of the system 
cystine-cysteine or of their derivatives.**-^) I’he aim of such studies 
was to find out to what extent the thermodynamic formulae are 
applicable, if it is assumed that at a noble electrode there exists a 
I)erfectly reversible equilibrium: 

2 R SH ;r: RSSR + 2 /U -f 2 e . 

(losh. Raychandhuri and (Janguli*)’) observed that the thermo- 
dynamic formula holds only for alkaline and neutral media and entirely 
fails in the case of acid solutions. They tried to explain this fact by 
iissuming that for a reversible transformation RSH -> RSSR the 
condition of dissociation of the group SH (SH z: S' -f 11+) should be 
fulfilled. It follows from the measurements by (’annan and Knight*) 
that this dissociation takes place only when the pn is greater than 7. 
In this way we may also explain the characteristic differences in 
oxidation processes in alkaline and acid solutions in the presence of 
the sulphydryl group. 
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Experimental part. 

The apparatus employed in this study was the same as described 
in the authors’ preceding paper {Collection -J, p. 115). 

Rediiciion, of cystine, 10-^ molar solution of /-cystine (supplied by the 
firm Dr. Praenkel and Dr. Landau) was prepared by dissolving it in 
10““^ 91 ammonium chloride in 1 0”“^ w ammonia solution {li)i)ccsof this 
solution contains 0*240 g of cystine). This solution was added from 
a burette to the electrolytic vessel containing 20 ccs of a solution which 
was of the same composition as that in the burette, but without 
cystine. 

The solution was electrolyzed in a hydrogen atmosphere. After each 
addition of cystine solution from the burette to the electrolysis vessel 
a polarographic curve was registered, on which the electroreduction 
of cystine was recorded as a wave. The height of this wave is propor- 
tional to the concentration of cystine. By comparison with other well 
known polarographic reduction waves it was found that two electrons 
are consumed for the reduction of one cystine molecule. (The height 
of the reduction wave obtained in m cystine solution at Vioo 
of the galvanometer sensitivity was 30 mm.) 

It was found further, that the dependence of the reduction potential 
of cystine at the dropping mercury kathode on the pu of the solution 
w^as in accordance with the usual thermodynamic formulae. Thus, 
the value of this reduction potential for a solution of 5 x 1 0“^ m 
cystine in normal hydrochloric acid was — 0*37 volt; and in normal 
sodium hydroxide it was — - 115 volt from normal calomel zero. The 
difference of these values, 0*78 v., corresponds to the E. M. F. of the 
galvanic cell with half-electrodes dipping in n HCl and n NaOH 
respectively. 

The values of the reduction potentials at the dropj)ing mercury 
kathode are usually read from the current-voltage curves at a certain 
arbitrarily chosen current intensity; these values differ from the 
equilibrium oxidation -reduction potentials observed at steady elec- 
trodes, because, in the latter instance, the ratio of concentrations 
in the solution is substantially different. 

It is worthy of notice, that the potential of the anodic layer of 
mercury — which acts in our electrolysis cell as an electrode of the 
second order — becomes in alkaline solution of cystine much more 
negative than one would exj)ect for a mercury -oxide electrode. On 
the other hand, in solutions of hydrochloric acid the mercury anode 
potential is exactly the same as in the absence of cystine. These facts 
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show that in an alkaline solution of cystine the mercury anode po- 
tential is evidently determined by the presence of the RS' -ion; 
it is known that in solutions of sulphides the potential of the mercury 
anode becomes very negative owing to the low value of the solubility 
])roduct of mercuric sulphide. The same phenomena were also observed 
in alkaline solutions of cysteine. Thus, the statement, that — S' -ion 
appears only in alkaline solutions, and as such acts on the potential 
of mercury, is well justified. 

Cysteine — which is the reduction product of cystine — cannot 
be further reduced at the dropping mercury kathode. 


(Catalytic effects of cystine and cysteine. 

When in the preliminary ex])eriments the normal course of the re- 
duction of cystine at the droy)ping mercury kathode had been estab- 
lished, attention was directed chiefly towards the investigation of 
the above-mentioned catalytic effect of cystine in the presence of 
salts of cobalt. 

As in the first investigation of this series the dependence of the 
catalytic effect on the concentration of different constituents in so- 
lution has been studied in detail. 

The polarographic curve of 2x 10“^^^ cobaltous chloride in JO'-'?? 
ammonia in ammonium chloride solution showed only the wave 

of cobalt deposition w ith a stee]) maximum of the current (see curve 3, 
Fig. 1). When to 20 cc of this solution in the electrolysis cell 0*5 ccs 
of a solution of the same composition but containing also cystine in 
lO” ^ molar concentration had been added, a new^ w ave of current 
appeared at a potential near to the deposition of ammonium ions. 
Although the concentration of cystine in tha resulting solution was 
very small (viz. 2*4 x molar) this w-ave — having also a charac- 
teristic rounded maximum of the current — had the considerable 
height of 28 nmi at of the galvanometer sensitivity. Further 
additions of cystine produced an increase of the wave, and at the same 
time lowered the deposition potential of cobalt. (Fig. 1.) 

When w^orking with such small concentrations of cystine (of the 
order of 10""® m) quite reproducible values for the heights of waves 
could not be obtained. Later, a dependence on the size and the 
quality of the walls of the vessel in which the electrolysis was carried 
out was found. From this it follow^s that the solution is deprived of 

*) All polarographic curves m this paper start from — (h8 volt. 
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cystine which is adsorted on the surface of the vessel. At larger 
concentrations the losses of this origin are negligible. 

Owing to the fact that this wave exhibited a current-maximum 
which was more sensitive to changes in composition of solution than 
the normal diffusion current, and because the diffusion current is not 
well developed on the curves owing to near proximity of the wave 
arising from a further electrolytic i)roces8, i. e. the deposition of ammo- 
nium ions, the height of the diffusion wave could be measured only 
with some degree of arbitrariness. Since on the other hand the polaro- 
graphic curves are very well reproducible, the measured values for the 
‘'diffusion current” of the catalytic w^ave were quite consistent among 
themselves. The dependence of the height of this wave on cystine 
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Fig. 1. 

To 20 2 X 10~® n CoCL in 10 ^ n NH^Cl in 10 * n NH^ acided a solution 

of 10~^ m cystino in 2 x]0~* ?? CoCl^, in 10”^ n NH^Cl in 10~^ tt 


concentration was not a linear one, but, as was the case with protein 
additions, it tends to a limiting value. This limiting value was reached 
with relatively small concentrations of added cystine and the height 
of the wave was greater than that of the similar wave produced by 
protein. The accompanying graph, Fig. 7, illustrates these relation- 
ships. 

The observed catalytic effects can be employed for quantitative 
determination of cystine in proteins, as will be shown in the subsequent 
paper. 

The dependence of the height of the catalytic wave on the low con- 
centration of cobaltous kations is a linear one, as can be seen from 
an experiment, when to a solution of 10-® m cystine in 10—^ n NH^ and 
in 10"“^ n NH^Cl the same solution containing also n cobaltous 
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chloride was added (Fig. 3). On all these polarographic curves the 
reduction wave of cystine itself cannot be seen because of the very 
small concentration of cystine and because it was necessary to employ 
a small sensitivity of the galvanometer in order to obtain the whole 
polarographic curve on one record. 

The reduction of cystine takes place at a more positive kathode 
potential than that at which the catalytic wave occurs. Therefore, 
one could say with certainty that the catalytic effect is produced by 
the reduction product of cystine — viz. cysteine. 

Indeed, when i-cysteine was used in experiments instead of cystine 
the same phenomena were observed. (Fig. 2.) Even a quantitative 
agreement was attained, provided that, in the experiments conducted in 



Fig. 2. 

10 * n C 0 CI 2 in 10 n NH^Cl in 10 ^ n in 2-4 x li)~ ® ni, ~ 4-7 x 10 * m 

cysteint*. 


the same manner as with cystine, molar concentrations of cysteine 
twice as great as those of cystine were used. Thus for equal molar 
concentrations of cystine and cysteine, ceteris paribus the height of 
the catalytic wave of the latter is only a half of that of the former 
for the same reason. (Fig. 3.) 

This fact can be regarded as a sufficient proof that the catalytic 
effect is due to cysteine, because on the reduction of one molecule 
of cystine two molecules of cysteine are formed. 

It remains to show, how the height of the catalytic wave depends 
on the concentration of ammonium chloride and ammonia, because 
these two factors have a direct influence on the reaction mebhanism. 

The follow^ing remarks have to be premised: The polarographic curve 
of a cobaltous chloride solution, which does not contain the least 
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traces of other electrolytes — especially of alkali chlorides — does 
not show the normal diffusion current of cobalt deposition, as one 
could normally expect, but the current continues to increase almost 
linearly with increasing applied voltage, llkovic,^) who was the first 
to observe this phenomenon, explained it as being due to hydrogen 
evolution from water which is catalysed by the cobalt amalgam formed 
at the kathode. (In the absence of cobaltous salt and of the kations 
of alkalies the hydrogen evolution from water takes })lace only at 
a kathode potential of — 2* 12 v.)*) 



Fig. 3. 

N'ariatioii of height of wave of cobalt deposition witfi the height of catalytic^ 
wave t*ffeet(Hl by cysteine and eystim* of equal molarities in solutions of 10 ' n 

NH^Cl in 10 1 n NH,. 

However, even a trace of alkali kations suffices to produce the 
normal diffusion current of cobalt deposition. The explanation pro- 
posed by llkovic for this fact is as follow's: --- the alkali kations 
are adsorbed at the mercury-solution interface and bind electro- 
statically the negative //'-ions formed in the electrode according to 
Heyrovsky’s theory^^) of hydrogen overpotential. The presence of such 
doublets (e. g. K+ H') hinders the access of positive hydrogen ions 
which are present in the neutral solution in the concentration of 
10~7 grAonjL 

When cysteine was added to a solution of cobaltous chloride only, 
the shape of the current-voltage curve remained uninfluenced when, 
however, 10 ^ m cysteine solution was added to a solution of 2 x 10~"^ 7i 
cobaltous chloride in 10*-^ n potassium chloride the normal diffusion 
wave of cobalt deposition appeared on the curve, whereas the ‘‘cata- 
lytic” wave of hydrogen deposition — usually observed in the presence 
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of ammonium ions and ammonia — was entirely absent. At larger 
concentrations of cysteine there was only a smaU increase of current 
at that point. (Pig. 4, curve 1.) 

Therefore, such solutions were well suited for the investigation of 
the effect of ammonium ions on the height of the catalytic wave. 
The polarogram Pig. 4 shows the increase of the height of the 
catalytic wave when n ammonium chloride was being suc- 

cessively added to a solution of cysteine in n CoCl^ in 10"-^ n 
KCL When a stronger solution of ammonium chloride, viz. 1 n NH^Cl, 
was used the catalytic wave at first increased and then, when the 
concentration of ammonium ions in the electrolytic cell has reached 



Fig. 4. 

10 * w cysteine in 2| x 10 ® n CoCl^ in J0“^ n KCl 
ill 1-2 X 10 "» n - 4-7 x 10 « n NH^Cl. 


a certain value, decreased again. Prom further investigation it follows 
that a hindrance of the reaction occuring in the interface takes place 
which can also be provoked by the presence of other kations and the 
effect is greater, the more strongly they are adsorbed {Ca\ Ba*). 

The facts just adduced make it evident that ammonia is not ne- 
cessary for the development of the catalytic wave. Its effect has been 
studied with solutions containing ammonium chloride. It was found 
that ammonia influences the shape of the catalytic wave producing 
an increase of the rounded maximum of the current. The height of 
the catalytic wave in solutions with low concentration of cysteine is 
hereby increased, whereas at greater concentrations of cysteine it 
remains unchanged. (The maximum of the catalytic wave increases 
simultaneously with that of cobalt deposition on the addition of 
ammonia.) (Fig. 5.) 
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Next solutions containing hexammine cobal tic chloride were examin- 
ed. The striking issue of these €xi)eriments was that the catalytic wave 
does not appear in solutions of trivalent cobalt and that the presence 
of bivalent ions of cobalt in the solution is necessary. This fact could 
be proved, for example, by two parallel experiments which were per- 
formed as follows. Two solutions Avere prepared, one containing cobalt- 
ammine, ammonium chloride, ammonia and cysteine — another the 
same substances except cobaltammine. When cobaltous chloride was 
added in equal portions to both solutions, the effect of this addition 
was the same in both cases. On the other hand, when working in air 



2 10 rt CoClf in 5 X 10 m cysteine in 10 * ti NHiCl 

in 2-4x10 » n -- 4-7x10-* n NH,. 

with cobaltous chloride in ammoniacal solutions of ammonium chloride 
and c.ystine, the catalytic wave decreases with time, as the cobaltous 
ion is oxidised to cobaltammine which is without influence on this 
wave. 

As there was no doubt that the catalytic wave is produced })y the 
sulphydryl group of cyst/cine, it seemed of interest to try if also more 
complicated derivatives of cysteine and cystine will show similar effects. 

For this purpose glutathione was used first. This substance could 
also form a transition to the effect produced by proteins. The consti- 
tutional—^^) of glutathione has lately been definitely solved; it 
was shown to be y-glutamyl-cysteyl-glycine. This tripeptide occurs 
in two forms: an oxidized one with a disulphidic linkage, and a re- 
duced one with a sulphydryl group. 

m solution of glutathione (Dr. Fraenkel and Dr. Landau) 
was prepared with which the same experiments were performed as 


11 
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with cysteine. The catalytic wave was found also with this substance. 
It was, however, somewhat lower than that with cysteine, and did 
not exhibit the characteristic rounded maximum of the current. 
(Fig. 6.) 

It is easy to prepare dipeptide cysteyl-glycine by a simple hydrolysis 
of glutathione.^^) In order to determine, if dipeptide differs in its 
catalytic effect from tripeptide, the following experiment was carried 
out. 20 CCS of lOr-^m solution of glutathione was divided in equal 
portions in two glass vessels with ground stoppers. One of them was 
kept in a thermostat at 62^0, another in a refrigerator. Five days 



Fig. 6. 

10 -3 (joC% in ip fi NH,Cl in 10 » n NH;, 
in 2*4 X 10~® ?n — 4-7 x 10~* rn glutathione. 


after when, according to Mason, the hydrolysis of the warmed 
solution should be quantitatively completed, both solutions were in- 
vestigated. It was found that hydrolyzed solutions produced a catalytic 
wave three times greater than the solution kept at low temperature. 

The wave effected by dipeptide solution showed a vsimilar maximum 
of the current to that observed in the case of cysteine. 

Mason has stated that hydrolysis of glutathione takes place even 
at moderately elevated temperature and, thus, it may occur even 
during the manufacture of this substance. ^5) Mel drum and Dixon'®) 
proved in another way that glutathione contains some substances able 
to form catalytic complexes with metals, which are, however, not 
identical with cysteine. Our quantitative results confirm this opinion. 

(Fig- 7 ) 

Therefore, it is most probable that our specimen contained also 
a certain amount of impurity of this kind (supposedly 30 per cent.), 
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and that the latter was solely responsible for the catalytic effect 
observed. This explanation finds its confirmation in the following fact. 
According to Kendall and Holst^^) glutathione does not form com- 
plexes with cobalt, in contradistinction to dipeptide cysteyl-glycine 
which does. Our glutathione specimen, when added to a solution of 
cobaltous chloride in ammoniacal ammonium chloride solution, pro- 



Fig. 7. 

Variation of height of catalytic waves in 10“® n (2 x 10" ® n)CoClz in 10 ' ^ n NH^Cl 
in 10 n NHa due to thio-acids in varying concentrations. 

duced a characteristic greenish-brown (colour, thus pointing to the* 
formation of a complex compound of a constitution similar to that 
of cobalt with cysteine. 

A question may arise if the catalytic wave is in some way connected 
with the proximity of the sulphydryl group to the ammine radicjaL 
In order to decide this a thio-acid of the simplest typo i. c. thioglycolio 
acid in its thiolic form was chosen for further experiments. 


11 * 
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Positive results were found with corresponding solutions. The cata- 
lytic waves produced by thioglycolic acid were still larger than those 
observed with solutions of cysteyl-glycine. Fig. 7 shows a comparison 
of the heights of catalytic waves produced by all sulphydryl acids 
investigated. 

It is worthy of note, that cysteyl-glycine gives waves notably higher 
than cysteine at the same molar concentration, though the opposite 
case might rather be expected. 

Discussion of results. 

The kathodic reaction taking place at a potential of ca — 1*4 v. in 
solutions of cobaltous chloride in ammonium chloride (+ ammonia) 
containing very small amounts of some of the thio-acids investigated 
is without doubt a catalytic process. The solutions do not contain 
any other constituent — except ammonium ions and water — which 
could j)roduce by their own reduction a wave of current of the observed 
magnitude. Therefore, we have to deal here with a catalyzed reduction, 
the product being molecular hydrogen. 

Cobalt amalgam as mentioned above is apt to decrease the over- 
potential of hydrogen deposition from water at the pure mercury by 
about 1 volt. This catalytic reaction can be, however, c ntirely stopped 
by an addition of a small amount of alkali ions which by forming 
doublets with the anion //' hinder the reaction//^ ±ir from 

proceeding at a measurable rate. The formation of such doublets can 
be prevented, however, under certain conditions, by the — /S// -group, 
w hich being adsorbed to the kathode interface may have a favourable 
influence on the formation of molecular hydrogen. The existence of 
complex compounds between cobalt and tbio-acids^®" will throw^ 
some light on this problem. 

These complexes, know n to occur in crystalline form, have also been 
investigated as concerns their constitution They may be of im- 
portance from the biological pointof view for elucidation of the catalytic 
function of heavy metals, such as iron, in the oxidation reactions of 
thiolic acids. 

Thus complexes of cysteine with cobalt which were the chief object 
of our interest, exist in various stoichiometric ratios.*®) In this case 
the most important problem is the mode of binding of the sulphydryl 
group in the sphere of co-ordination of cobalt. 

Let us apply to this case the theory of polarity proposed by La- 
timer and Porter.*’) For the binding between — /S/f-group and 
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— C// 2 “group only we can show that the resultant charge of the 
sulphydryl group is — 0*2. 

(Indeed, out of eight outer electrons of the S"-ion only four free 
electrons can serve to paralyze their full charge the positive charge 
of the rest of the sulphur atom, the two electrons shared with the hy- 
drogen nucleus contribute only the value —2 x V 2 the two elec- 
trons shared with the carbon atom participate in this action in the 
ratio of the positive charges of the residues of the carbon and sulj)hur 
atoms,!, e. they contribute the charge —2 x the resultant charge 
of the — SH -group is, therefore: + iS — 2 x — 4 = — 0*2. > 

In this case the hydrogen nucleus (proton) is attached to sulphur 
very firmly. When, however, out of four free electrons one pair takes 
part in coordination binding the residual charge of sulphur can be- 
come even positive, because the negative charge shielding the positive 
residue of sulphur has been diminished. If the effective charge of 
(cobalt towards the coordinatively bound electrons were known it 
should be possible to calculate the residual affinity of sul})hur atom 
more precisely. 

However, in spite of the lack of quantitative data it is certain that 
the coordination binding of the — *S7/ -group with cobalt simultane- 
ously loosens the binding of the proton with sulphur, because now 
the repulsive action of the positive charge of sulphur becomes preva- 
lent. This fact has already been experimentally stated by Schubert, 2 ®) 
who has investigated whether the group — NH 2 in c()m})lexes of cobalt 
and cysteine is also coordinatively bound. From the analogies of 
absorption spectra of these complexes with similar complexes with 
thioglycolic acid, 2 ®) and from the existence of addition compounds 
with acids, he has concluded that the group — NH^ did not enter 
into coordination. The lability of the addition compounds of cobalt- 
cysteine complexes with an amount of acid — smaller than corresponds 
to the strict stoichiometric ratio — was explained by Schubert as due 
to the increased acid character of the — SH-group, which partly neu- 
tralizes the — NH 2 radical. 

Sulphydryl group dissociates according to the formula: 

SH "j; S' or more exactly: SH +H 2 O 1- S', 

The free energy of this reaction is given by the activity of the proton 
in the sulphydryl group. The co-ordination binding of sulphur increases 
this activity and the reaction equilibrium is displaced to the right 
side of the above equation. 
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The obscrv ed increase of current-intensity which produces our cata- 
lytic wave cannot, however, be caused by the simple reduction of the 
hydrogen kation, i. e. its hydrated form split by dissociation, as the 
wave appears in alkaline solutions, from which under the same condi- 
tions (but without — SH) the hydrogen cannot be deposited. Thus 
the only explanation is that the hydrogen is deposited directly from 
the sulphydryl group. When we make the p// constant in the neighbour- 
hood of the kathode, then, as will be shown later, the deposited 
hydrogen can be replaced, according to the equilibrium given above. 

The sulphydryl group supplied to the negatively charged kathode 
interface by cobaltous ions is firmly attracted there by the adsorption 
forces and deformed there under the influence of the potential gradient 
in the interface, which in its turn leads to further increase of the acti- 
vity of the prc'tori. 

The binding between ])roton and sulphur splits completely at 
a kathode potential at v hich the diffusion current of cobalt deposition 
has been already reached, i. e. at which the (u)baltous ions have been 
exhausted from the interface. Therefore, we have to assume that 
a sulphydryl group which w as adsorbed and deformed in the interface 
must remain there in the activated state even after the cobaltous ions 
have been discharged. The supposition that cobaltous amalgam formed 
at the kathode surface is responsible for the decrease of hydrogen 
overvoltage must be rejected, because no catalytic effect is observed 
when, instead of cobaltous salt, hexammine-cobaltic chloride is used. 
The cause of this different behaviour of tri valent cobalt can ])e ex- 
plained by the absence of com})lex formation between thio-acid (used 
in very small concentrations) and the cobaltic ion, which has its sphere 
of coordination filled with iV/Zg-molecules. 

When a disulphidic form of thio-acid is used it is reduced before the 
potential of the catalytic wave is reached. The reduced thiolic mole- 
cules react wdth cobaltous ions in the vicinity of the kathode and 
thus attain the necessary activation. 

The mechanism of the catalytic reaction may be de[)icted as fol- 
lows : 

When the sulphydryl group has lost its proton the remaining anionic 
group — reacts w ith water according to equation RS* +H 2 O - ^ 

RSH -t-0//', so that new' — SH groups are supplied continuously to the 
kathode interface. Thus, we have to deal here with catalytic decom- 
position of water w hich proceeds at the same rate as that at which 
the hydroxyl ions {OH') are eliminated from the kathode interface. 
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OH'- ions are removed by diffusion and to some extent by cataphoresis. 
In the presence of alkali ions, which prevent the cataphoretic transport 
of hydroxyl ions from the kathode interface (and in the absence of 
ammonium ions), the hydroxyl ions accumulate at the kathode surface, 
so that in a sta.tionary state the rate of hydrogen evolution becomes 
negligibly small. (Fig. 4, c. 1.) The evolution of hydrogen is, however, 
enormously catalyzed in the presence of ammonium ions. This fact 
can be explained when the equilibrium between ammonium ions and 
hydroxyl ions is taken into consideration, viz. 

NH; + OH' :z NH^ + H.p. 

Ammonium ions being piesent in excess thus control the concen- 
tration of hydroxyl ions. In this (^ase the rate of hydrogen deposition 
depends on the concentration of ammonium ions, and on diffusion 
processes in the kathode interface. 

Since according to this explanation the function of ammonium ions 
consists in the removal of hydroxyl ions, it was to be expected that 
the same effect should be produced in the ])resence of a buffer solution. 
Indeed, this was proved when buffer solutions of boric a(dd and sodium 
hydroxide (/>// : 8 and pu 9) were used instead of ammonium chlo- 
ride. The same catalytic waves as with ammoniacal ammonium chlo- 
ride solutions have been obtained. 

Now, the influence of ammonia additions has to be explained. 
Ammonia increases the catalytic wave especially in the presence of 
small amounts of thio- acid. It was ali-eady noted that the presence of 
ammonia produces an imuease of the concentration of cobaltous ions 
in the interfile; the cause of this action is not known as yet, but is 
probably due to some (diange in the constitution of the cobaltous 
ions, which is revealed also in the character of their electrodeposition. 
The same cause leads to an increased adsorption of thio-acid, w hich 
is supplied to the interface by means of cobaltous ions. These circum- 
stances produce an increase of the adsorption current of the catalyzed 
w ave (the maximum of the current on the polarographic curves). The 
diffusion current which is attained after the current has fallen from 
its maximum value should decrease with increasing concentration of 
ammonia, because the latter increases the concentration of hydroxyl 
ions. 

The greater effect of the thioglycolic acid can be ascribed to a more 
stable binding of the sulphydryl group to the cobalt, which is in the 
a-position relative to the carboxyl group. No explanation for the 
greater effect of cysteyl -glycine as compared with cysteine can be. 
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however, derived from the constitution assigned to the former in the 
literatures^) at present available. From the polarographic conclusions 
it can be stated, that the stability of the complex of cobalt with 
cysteyl-glycine approaches more to the complex with thioglycolic acid, 
and the — S/f-group therein is probably in the a-position to the car- 
boxyl group. This question could be decided by a similar investi- 
gation with isocysteine. 

From this point of view of the coordinative binding of sulphydryl 
group it can be supposed that this group plays a primary r61e in the 
oxidation of cobalto-bis-cysteinate and in the catalytic oxidation of 
cysteine to cystine. 21 — 24 ) gome oxidising agents, which easily oxidise 
both cobaltous salts and cysteine if they are in common solution, 
remain without influence on either if they act on them separately, 
(bbalto-bis-cysteinate has thus a greater reducing power, than its 
components. 

One can therefore imagine, that because of the more labile binding 
of hydrogen to 8uli)hur the — S' atoms are more easily oxidised, which 
link together two molecules of cobalto-bis-cysteinate by means of the 
disulfide group. Jn this unstable form, then, one molecule of cystine 
can oxidise the cobalt to the cobaltic form before it is split off, while 
the other cystine molecule is substituted by two molecules of cysteine 
from the solution. Thus we obtain cystine and cobalto-bis-cysteinate, 
the constitution of which was given by Schubert. 2 ®) The ratio of 
these two oxidation products, depends on the oxidising agents used, 
as a weak one can oxidise only a half of the cysteine in cobalto-bis- 
cysteinate. We can write the following scheme for this oxidation, 
which is not in contradiction to the results of Kendall and Holst:2^) 
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Summary. 

The catalyzed electrolytic deposition of hydrogen at the mercury 
dropping kathode in the presence of thioglycolic acid, cysteine, cysteyl- 
glycine and glutathione (in both forms — disulphidic and thiolic) has 
been studied in ammoniacal solutions of cobaltous chloride in ammo- 
nium chloride. 

The following mechanism of this catalytic reaction has been pro- 
posed: The coordinative binding of the sulphydryl group in complexes 
of cobaltous ion with thio- acids })roduces an increase of the protonic 
activity in this group, which is manifested in the increase of distancje 
between and the positive nucleus of sulphur atom. The dipole 
— {S — //)^- which is transjmrted with cobaltous ions into the nega- 
tively charged interface between mercury and water remains there 
adsorbed. Under the influence of the increasing potential gradient in 
this interface this dipole is deformed to such an extent that the 
binding between S' an /?+ is finally entirely broken apart. The hydro- 
gen atom removed by discharge from the sulphydryl group is imme- 
diately replaced by hydrogen from v ater, so that the process can 
further continue. 

For free progress of the reaction 

— 8' + HP -- SH - 1 - ()H\ 

the hydroxyl ions must be removed from the kathode interface. This 
removal can be attained by means of ammonium ions or in any sui- 
table buffer mixture. 

A scheme of oxidation of cobalto-bis-cysteinate has been proposed 
which is in accordance with the coordinative binding of the sulphydryl 
group. 

The catalytic effect described being extraordinarily sensitive and 
highly characteristic, it can be employed for the quantitative deter- 
mination of thio-acids. 
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SUR L’ACIDE OLfiANOLlQUE 
(SAPOGfiNINE DE LA BETTERATE A SUCRE) II. 

par V. PRKLOCi. 

En oxydant par I’acide chromique la sapogonirie de la betterave 
a sucre, acide-alcool de la fonnulo j 'avals obtenu 

deux jiroduits: Tacide cetonique un corps 

('inlfuPi dernier, je I’avais considere comme ime lactone 

oxycetonique formee par oxydation de deux atomes d’hydrogene 
lit\s a deux atomes de carbone tertiaires.^) J'ai toiitefois cte oblige de 
corriger bientdt cette maniere de voir en face de' nouveaux resultats 
quo soul un mancjue dc temjis rn’a empecho alors de ])ublier. Pendant ce 
temps, il a etc etabli que la sapogenine de la betterave a sucre cst 
idonticpie a toute une serie d'autres sapograines.^) '^) Elle a attire 
sur elle une tres vi ve attention et donne lieu a des publications fort eten- 
dues. m'obligent a rendre cornpte ici de ])liisieurs 

nouveaux resultats ayant trait a mon jircmier travail sur la sapogenine 
en (piestion. 

Desormais, j'apjiellerai le corps en question acide oJmnoliqne suivant 
la proposition de van der Haar et fl'accord avec les autres auteurs. 
Par suite des travauxde Riizicka et F urter^^)et dc Win ter stein et 
Stein^®) la formule brute que j'avais d'ailleurs proposee 

moi~meme dans mon premier travail, a etc acce})tee d’une maniere 
definitive, fl s’ensuit que toutes les formules figurant dans le dit 
travail, sont a diminuer de CH., (ainsi que je I'ai fait plus haut entre 
parentheses). L’existence d'une liaison cHhylenique, que j'avais preVue 
en me basant sur la r^'action du corps avec le tetranitromethane, 
a surtout et^ confirmee par Winterstein et Stein.'*) (IT.) Par fixation 
de brome, respectivement par action d'acide chlorhydrique en milieu 
acetique anhydre, Facide oleanolique a fourni respectivement une 
lactone bromee et une acetylee qui ne donnaient plus de coloration jaune 
avec le tetranitromethane. Ainsi que jel’avais etabli peude temps apres 
la publication de mon premier travail, le derive ne donne ))as 

non plus de coloration jaune avec le tetranitromethane, ce qui fait 
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penser a une oxydation portant sur la double liaison avec formation 
d’un produit sature. C/ependant, si ce derive devait etre constitue par 
une oxyc^tolactone (III.), com me je Tavais suppose, il renfermerait 
neeessairement deux atomes d hydrogene de plus, ainsiqu’il correspond 
a la formule Sinon, il faudrait admettre ici une oxydation 

ult^rieure avec formation d’une dicetolactone (TV.) J’ai r6ussi a obtenir 
a partir du corps <^ 30 ^ 44^4 dioxime, ce qui a decide en faveur de 
cette seconde formulation. Un corps renfermant un groupe carbonyle 
en position par rapport au groupe earboxyle subirait ais^ment une 
scission ulterieure, il s’agit done avec beaucoup de vraisemblance d’une 
<$-cetolactone. 

La supposition qu’on etait en presence d'une oxycetolactone etait 
corroboree par les faits suivants: 1 . Le corps fournissait avec 

la semicarbazide en milieu tant alealin qu’acetique, une belle mono- 
semicarbazone. 2. lors du dosage de Thydrogene actif d’apres le })roccde 
Cugajev-Cerevitinov il mettait en liberte presque exacternent 
1 molecule de methane. C’est surtout ce deuxieme fait que j’ai soumis 
a un controle nouveau et tres soigne, vu que lors du premier travail je 
n'avais fait qu’une seule determination a ce sujet. Je dirai tout de 
suite qu’en employant la micromethode de Flaschentr iiger*^) sur la 
substance sechee avec le plus grand soin je n’ai pu que confirmer le 
r(5sultat public anterieurement. 11 est interessant que non seulement la 
dicetolactone mais encore Tether m6thylique de Tacide 

c<^tonique (acide oldanoriique, II) liberent, eux aussi, presque 

exacternent une molecule de methane. A partir de Toleanonate de 
methyle j’ai prepare outre la semicarbazone deji decrite encore 
Toxime, de sorte que Texistence du groupe carbonyle dans le derive en 
question est hors de doute. 11 est vrai que ce carbonyle doit etre forte- 
ment enolise, au moins dans les conditions du dosage au moyen du 
reactif organomagn^sien. Je renvoie a ce sujet au travail de Grignard 
et Blanchon^^) et renonce, vu la nature tres complexe de Tacide 
oleanolique, a toute consideration sur la position du groupe carbonyle. 

Je poursuis mes recherches sur Tacide oleanolique, notamment en ce 
qui conceme la transposition Beckmann de Toxime derivee de Tether 
m^thylique de Tacide oleanonique et de la dioxime de la dicetolactone 
comme aussi la position de Toxhydryle initial. J’espere 
pouvoir sous peu rendre compte des r^sultats obtenus. 

Sur ces entrefaites, la dicetolactone ainsi que sa dioxime 

ont etc obtenues par Kitasato et Sone’) en oxydant la sapogenine de 
Panax repens, sans que toutefois les auteurs japonais se soient aperQUS 
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de I’identit^ de leur corps avec le mien. Je I’ai d6montre en preparant 
la dio6tolactone suivant leurs propres indications. 
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Partie experimentalc. 

I) ic6to lactone 

Elle a etc prcparee soit suivant le jirocedc decrit anterieureinent, soit 
suivant Kitasato et 8one. Les deux proc<5des donnent le meme 
produit. Pour le dosage de I’liydrogene actif le corj)s a etc recristallise 
dans I’acetone, puis seche, {lendant 10 heures, a 110* dans le vide 
phosphorique. 

Dosage de I'hydrogene actif, d'apres Cugajev’-C'ere vitino v -Fla- 
schentrager, en solution pyridique; 

Substance: 21-379, 21-127, 24-760 rngr; CH^ 0-922 cc (11-.5®, 746 mm). 

0-964 cc (18», 736 mm), 1-170 cc (16», 736 mm). 

■ (hoHuOi (46S-0): Calcule (1 H) H 0-214%. 

Trouve H 0-178, 0-182, 0-190%. 


Dioxime. 

0-5 gr de lactone et 1 gr d ’acetate de potassium ont ote dissous 
a ehaud dans 30 cc de methanol. Apres avoir ajoute une solution 
aqueuse concentr^e de 0-5 gr de chlorhydrate d’hydroxylamine, on 
a chauff^ le melange au bain-marie pendant 3 heures. Le precipit^ 
obtenu par addition du double volume d’oau a ete lav^ k I’eau, seche, 
puis recristallis^ dans I’acide ac^tique anhydre. Point de fusion (avec 
decomposition): 222 — 223® (non corr.). L’analyse a ete faite sur un 
produit sdche k 110® dans le vide sur KOH: 
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Substance: 6*826 mgr\ 0*328 cc (16®, 741 mm), 

(498*0): Calcule: N 5*62%, 

Trouvc: N 5*54%. 

Monosemicarbazone. 

Je me borne a decrire la preparation en milieu acetique en remar- 
quant qiie la semicarbazide libre donne le meme resultat. 

1 gr de lactone et 1 gr d’acetate de potassium sont dissous dans 40 cc 
de methanol k chaud, puis additionnes dhme solution aqueuse con- 
eentree de chlorhydrate de semicarbazide, et chauffers au bain-marie 
pendant 4 heures. Le preeijate blanc, pulv6rulent, a ete essore, lave 
k Teau et s6ch6. Rendement: 1 gr, Les eaux meres foumissent elles 
aussi un peu de produit. Le corps a ete purifi6 x)ar une cristallisation 
qui eonsistait a precipiter la solution dans un melange chaud de chloro- 
forme et d’alcool absolu par addition d’6ther absolu a chaud. Cfette 
operation a donn<5 de menus cristaux dont la temperature de decom- 
position etait entre 292 et 294®. 

Pour Tanalyse, le produit a ete s^ch<^ a 110® dans le vide phospho- 
rique: 

Substance: 8*945 mgr; 0*613 cc (16®, 743 mm), 

(525*0): Calcule: N 8*0 ®^. 

Trouve: N 7*92%. 

fither methylrique de I’acide oleanonique. 

Je Tai obtenu, d’une part, par action de sulfate de m^thyle sur 
Tacide oleanonique, d’autre part, i)ar oxydation de Tether in^thylique 
de Tacide oleanolique. Le produit a et4 s6ch^ 4 heures a 110® dans le 
vide phosphorique. 

Dosage de rhydrogene actif (Cugajev-Cerevitinov-Flaschen- 
trager, en solution pyridique): 

Substance: 16*792 mgr, 17*918 mgr; CH^ 0*752 cc (16®, 736 mm), 
0*805 cc (17®, 736 mm), 

(468*0): Calculi (1 //): H 0*214®/o. 

Trouve: 11 0 l80®/o, 0*180®/o. 

Oxime. 

A 4*6 gr d’^ther m^thylique dissous dans 200 gr d’alcool on a ajout^ 
une solution d’hydroxylamine libre obtenue k partir de 1*4 gr de chlor- 
hydrate d'hydroxylamine et 0*5 gr de sodium dans de Talcool. Le 
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lendemain, le melange s^para 2-1 gr de menus cristaux fusibles vers 226®, 
la concentration des eaux meres a fourni d’autres 0*9 gr d’un produit 
de meme point de fusion. (Une concentration ulterieure des nouvelles 
eaiix meres a separe des cristaux fusibles constamment a 190®; ce produit 
n'a pas encore ete 6tudie.) Le produit p. de f. 226® a 6t^ recristallise 
deux fois dans Talcool, ce qui fit monter Je point de fusion a 239® 
constants. 

Analyse de Toxirne sech^e a 1 10® dans le vide phosphorique: 

Substance: 6-461 mgr\ 0-183 cc (21®, 751 mm). 

(483-0): (^alcule: N 2-9®/^. 

Trouve: N 3-2%. 
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SUR LE I-METHYL.7-NAPHTOL 

par V. VESELt et F. STURSA. 


Occupes de I’^tude de la preparation et des proprietes des naphta* 
lenes dimethyles, nous avons cherche une methode qui nous mlt 
en mesure d’obtenir le 1 . S-dimethyl-naphtalfene en quantity notable. 
II nous a paru interessant d’etudier eet hydrocarbure de plus pres, 
parce qu’il etait ii, pr^voir qu’il est en relation etroite avec I’acenaphtene. 
Nous avions r^ussi, il est vrai, a preparer le 1 . 8-dimethyl-naphtaiene 
en partant du l-methyl-8-bromonaphtalene et en dMoublant I’haloge- 
nuredemethyl-naphtylmagnesium sous i’action dq sulfate methylique. 
Toutefois, le bromomethyl-naphtalene respectif etant d'un accfes bien 
difficile, nous n’avons obtenu de 1 . S-dimethyl-naphtalenequequelques 
decigrammes. 

C’est pourquoi nous avons essaye ulterieurement d'arriver au 
1 . 8-dimethyl-naphtalene par une autre voie, et cela en suivant la 
methode employee par K. Fries et E. Hubner*) dans la preparation 
du l-m6thyl-2-naphtol et qui a fait sa preuve dans ^introduction 
du troisieme groupe m^thyle dans le 2 . 6-dimdthyl-7-naphtol.*) 
A cet effet, il fallait partir, dans notre cas, du l-m6thyl-7-hydroxy- 
naphtalfene (I) et le transformer, sous Taction de la formaldehyde, en 
dimethyl-dihydroxy-dinaphtyl-methane II. On pouvait s’atten^ k ce 
que la reaction de ce corps fournisse le 1 . 8-dim6thyl-7-hydroxy- 
naphtalene (III) qui, soumis a la distillation avec la poudre de zinc, 
se transformerait en 1 . 8-dim4thyl-naphtalene: 



CH, / „ CH, 

“ \/\/ 




\/\/ 




Bien que nous n’ayons pas r6ussi k preparer le 1 . 8-<iim4thyl- 
naphtal^ne par oette voie, nous faisons connaitre les r^sultats obtenus, 
paroe qu’ils paraissent presenter un certain interet. 

En ce qui conceme la preparation du l-methyl-7-naphtol, elle a ete 
decrite par Dziewonski et W aszkowski.®) En ox)erant la sulfonation 
du 1 ‘methyl-naphtalfene k 165 — 170®, ces auteurs assurent avoir obtenu 
un acide sulfonique qui, par fusion avec la potasse, fournit un 1-methyl- 
naphtol dont le groupe oxhydryle occupe la position 7. Bien que nous 
ayons r^p^te ces essais plusieurs fois, en suivant exactement les indi- 
cations des auteurs polonais, nous n’avons pas reussi a preparer le 
methylnaphtol en question. 

Par contre, nous avons abouti au resultat desire par une autre voie, 
et cela en nous servant d’un precede employe par Weiss et Woidich^) 
dans la preparation du l-phenyl-naphtalene. Voila en quoi consiste ce 
mode operatoire: En partant du 1-ceto-tetrahydronaphtalene (1-tetra- 
lone) IV, on le transforme, par action du bromui*e de phenylmagnesium, 
en derive V qui, dedoubie par Teau, fournit d'abord Talcool VI et puis, 
lors de la distillation avec perte d’eau. Thydrocarbure VIT. En 
chauffant enfin ce dernier corps avec du soufre, on ohtient le 1-phenyl- 
naphtaiene VIII: 


CO 

/\/\ 

IV I 


CH^ 

CH^ 


CH^ 


CeU, 

C—OMgBr 

r V Y 

CHt 


C—OH 

- 

CH^ 




C 


I VII I 



CH^ 

Pour arriver d'une maniere analogue au l-methyl-7-naphtol, nous 
avons employe comme produit de depart la 7-nitro-l-tetralone (IX)* 
Nous Tavons obtenue d’apres Schroeter et Laves^) par nitration 
de la l-tetralone. La reduction du produit nitre nous a fourni I’amine 
(X) que nous avons transformee, par diazotation et par decomposition 
au moyen d’eau du diazolque obtenu, en phenol correspondant XI. 
Ce corps a ete soumis k la methylation au moyen du sulfate methylique. 
En traitant Tether phenolique obtenu par Tioduredemethylmagnesium 
et en dedoublant le compose d’addition par Teau, nous avons obtenu 
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un aloool tertiaire qui, chauff4 au-dessus de 100®, perdait une mol^eule 
d’eau en donnant le l-m6thyl-7-m^thoxy-3 . 4-dihydroiiaphtal^ne XIII. 
La d6shydrogenation de ce dernier nous a fourni 1© m4thyl-7-m6thoxy- 
naphtal^ne XIV que nous avons desalcoyl^ en le chauffant avec de 
I’acide bromhydrique en solution acetique: 


CO 


NO, 


*1 IX I 

\/\/CH* 

OH, 


NH. 


CO 




CH, 
\/CH, 
CH^ 



CO 


2| X i ^ 

CHi 

CH, 

I 

C 

\CH 

CH^ 
CH^ 


HO{ 


XI 


^JCH, 

CH^ 


CH, 


CH^O 


/ 


S'^lxiv] I 


HOf 


'\ /\ 
\ /' 




En vue de preparer le 1 . r-diin4thyl*7 . 7'-dihydroxy-8 * 8'-dinaphtyl- 
m6thane, nous avons essaye de condenser le l-methyl“7-naphtol 
avec la formaldehyde, et cela soit en milieu acetique, avec addition de 
HCl, soit d’apres Fries et Hubner,®) en solution alcoolique, en pre- 
sence d’ac^tate de soude. La formaldehyde n'entre en reaction qu’en 
milieu acide. Toutefois, la reaction est bien plus lente qu'avec le 
2-naphtol non m^thyle et le produit de la reaction ne repond pas k un 
corps dihydroxyl^, car il n’est pas soluble dans les lessives alcalines. 
Le fait que sa solution dans Tacide sulfurique concentre presente une 
belle fluorescence rouge, ainsique les resultats del'analyse ^l^mentaire, 
montrent que le corps obtenu constitue le dimethyl -naphtopyrane 
(le dimethyl-dinaphtylxanthene): 


_CH, CH,_ 

/ 1 <^^2! 

J I I i 

\/\/\/ 

o 

Cette observation est bien surprenante. car la formation d’un noyau 
xanth^nique avec perte d’eau se fait ici k la temperature ordinaire. 
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alors que le 2 . 2'-dihydroxy-l . r-dinaphtylm4thane, prepare par con- 
densation du 2-naphtol avec la formaldehyde, ne s'anhydrise qu’aux 
temperatures plus eievees.’) Pour savoir si la presence du groupe 
methylique en 1 exerce une influence sur Factivite chimique de Tatome 
d’hydrogfene en position 8, nous avons essaye de transformer notre 
naphtol, par oxydation au moyen de chlorure ferrique, en dinaphtol 
correspondant. Cependant, nous avons pu constater que cettc reaction 
se fait ici avec la meme facilite qu’avec le 2-naphtol non methyle. 

La constitution de notre l-methyl-7-naphtol nous semble etre hors 
de doute. Elle resulte de sa formation k partir de la 7-nitro-l-tetralone. 
Schroeter et Laves®) avaient determine la position du groupe nitro 
dans cette cctone par le fait que la solution acetique de Tacetate de son 
oxime, saturee de HCl, fournit par le chauffage le 7-nitro-l-amino- 
naphtalene. Ce corps est identique a la nitramine obtenue par Tun de 
nous en collaboration avec M. Dvorak®) dans la reduction partielle du 
1 . 7-dinitronaphtalene. Outre cela, nous avons transforme notre 
methylnaphtol en methylnaphtylamine, et nous avons pu constater 
que cette amine concorde avec le produit de reduction du l-methyl- 
7-nitronaphtaiene.®) En ce qui concern© le pretendu l-methyl-7-naphtol 
ainsi que ses derives, obtenus par Dziewoilski et Waszkowski, le 
tableau ci-dessous montre que leurs points de fusion ne sont pas du 


tout oonformes k ceux de nos corps: 

V. ot S. D. et W. 

1 -methyl- 7-hydroxynaphtalene 69®- — 70® 1 04® — 105® 

1 -methyl- 7 -benzoylhydroxy-naphtaienc 88® — 89® 107® — 108® 

1 -methyl-7 -aminonaphtalene 85®— 86® 46® — 47® 

1 -methyl-7 -acetaminonaph talene 1 57® — 1 58® 146® 


Etant donne que les auteurs polonais n’ont pas verifie la position 
du groupe oxhydryle dans leur methyl-naphtol, il est manifest© que 
la constitution de leurs corps ne repond pas aux formules indiquees, 

Partie experimentale. 

1-Tdtralone (IV). Nous I’avons d’abord prepare© d'apres le brevet 
de G. Schroeter, ^®) e’est-a-dire, par oxydation de la tetraline au 
moyen de CrO^ en milieu acetique. Au cours des essais ulterieurs, nous 
avons toutefois trouve que Ton peut arriver a cette cetone par une voie 
moins coflteuse, en se servant de la method© de H. Hock et W. Su- 
semihl; ^i) nous Tavons raodifiee de la maniere suivante: dans un 


12 * 
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ballon de 2 litres, chauffe dans un bain d’huile 75®, on introduit 1 hg 
de tdtraline, et on fait traverser le liquide par un courant d’air pendant 
3() — 35 heures. Au bout de ce temps, line partie de la tetraline est 
transform^e en peroxyde. Aprfes refroidissement, la liqueur est trans- 
vas^e dans un entonnoir a decantation, et elle est fortement agit^e 
avec 700 cc de soude caustique aqueuse deux fois normale. On separe, 
apres repos, la couche inferieure, contenant la solution alcaline du 
peroxyde, et Ton epuise la tetraline restee dans I’entonnoir par une 
nouvelle portion de lessive 2 n. Les extraits alcalins sont ensuite 
chauffes k 60 — 70®, ce qui determine la decomposition du peroxyde 
avec formation de tetralone. La solution se trouble et finit par laisser 
dejioser la cetone sous forme d’une huile. Celle-ci est separee, lavee 
a Teau, dessechee et debarrassee des restes de tetraline par une distil- 
lation fractionnee. Nous avons recueilli ainsi 126 gr de 1 -tetralone 
jmre, passant sous 15 mm Hg a 137 — 140®. 

7 -NitrO’l -tetralone (IX). 146 gr de l-tetralone sont dissous dans 
30 cc d’acide sulfurique a 100%; la liqueur refroidie a — 20® est addi- 
tionnee, avec agitation rapide et a petite dose, d'un melange de 65 gr 
d’acide azotique a 98% et de 150 gr d’acide sulfurique a 100%; on 
maintient la temperature au-dessous de — 15®. La nitration terminee, 
on fait couler le melange en mince filet sur de la glace. On obtient 
ainsi un produit jaune clair grenu qui est separe, plusieurs fois lave 
a I’eau, bien essore et enfin seche a I'air a la temperature ordinaire. 
Cristallise d'abord dans I’acide acetique 75%, et ensuite dans Talcool, 
avec decoloration k la carboraffine, le corps est en aiguilles jaunatres, 
fondant a 104' — 105®. 

Rendement 75gr. Quant aux eaux meres, on pent en retirer encore 
une proportion considerable de 7-nitro- l-tetralone ainsi que de son 
isomere nitre en 5. 

7 -Amino-1 -Utralone (X), On chauffe un melange de 30 gr de limaille 
de fer, de 150 cc d’eau et de 3 cc d’acide acetique anhydre pendant 10 
minutes environ a I’ebullition, et on y ajoute, a petite dose et avec 
agitation, 10 gr de 7-nitro- l-tetralone finement pulverisee. Aprfes 
2 heures de chauffage ulterieur on rend la liqueur faiblement alcaline. 
Le precipite, comprenant I’amine et les sels de fer, est essore et deux 
fois extrait par de I’alcool bouillant. La solution alcoolique abandonne, 
apres refroidissement, I’amino-tetralone en beaux prismes pointus et 
fusibles a 140®, ce qui est d’accord avec Tobservation de Schroeter.'*) 
L’hydrochlorure de cette base est facilement soluble dans I’eau. Rende- 
ment 7-3 gr d’aminotetralone pure. 
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Nous avons op6re la meme reduction au moyen de sulfure d ’ammo- 
nium en solution alcoolique, mais I’amine obtenue ici est moins pure 
et le rendement ne d^passe pas 40% de la theorie. 

7-Hydroxy-l4dtralone (XI). Une solution de 10 gr de 7-amino-l-te- 
tralone dans 15 cc d’acide chlorhydrique concentre et 100 cc d’eau 
est diazot^ au moyen de nitrite de soude; on ajoute un volume ^ga! 
d’eau, et on d^double le diazoique par chauffage a 70®. Le tetralonol 
forme est purifi^ par distillation a pression reduite. Sous 12 mm Hg 
il passe a 213 — 215®. II forme des prismes incolores fondant a 106®, 
peu solubles dans I’eau, facilement solubles dans I’alcool. 

Analyse ^l^mentaire: 

Substance: 0-1942 gr, CO^ 0-5264 gr, H^O 0*1096 gr, 

C’lof/ioOa*. Calculi C 74-1 %, H 6-2%. 

Trouve C 73-9%, H 6-3%. 

7 -M ethoxy -1-Utralone (XII). On dissoiit 8*8 gr de 7 -hydroxy- 1-tc- 
tralone dans 50 cc de soude caustique aqueuse a 10%, et on ajoute par 
petites portions et avec agitation, 10*3 gr de sulfate methylique. La 
liqueur alcoolique abandonne Father phenolique, facilement soluble 
dans les solvants organiques. II eristallise dans rc'ther de p^trole en 
lamelles hexagonales bien d^velopp^s, fondant a 67 — 68®. Rendement 
7*5 gr. 

Analyse tHemenlaire: 

Substance: 0*2185 gr, CO^ 0*5981 gr, Hp 0*1343 gr. 

C^alcnleT 75*0%, H 6*8®/o. 

Trouve C 74*7 ®/o, // 6*8%. 

7 -M ethoxy- 1 -mdihyl-S.d-dihydrmiaphtalene (XIII ) . Une solution ethe- 
ree d’iodure de methylmagnesium, prepare par dissolution de 8*3 gr 
de magnesium dans 48 gr d’iodure de methyle au sein d'une atmos- 
phere d’azote, est additionn^e, goutte a goutte, de 40 gr de 7-m6thoxy- 
1-t^tralone dans 100 cc d’ether. On continue a chauffer })endant une 
heure, aprfes quoi on ajoute 70 cc d’acide chlorhydrique a 3%. Au 
d^but, la reaction est tumultueuse par suite du dedoublement de 
Tiodure de methylmagnesium en exc^s. La liqueur etheree est ensuite 
dessechee au sulfate de sodium anhydre, et le solvant est chasse par 
distillation. On obtient ainsi I’alcool tertiaire qui, chauffe une demi- 
heure environ k 100 — 110®, jyerd une molecule d’eau et se transforme 
en methoxy-methyl-dihydronaphtalene XIII. En soumettant le pro- 
duit obtenu a la distillation dans le vide, on en obtient 38 gr qui pas- 
sent k 154 — 156® sous 12 mm Hg. 
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7-M4thoxy-l-mAhyUmphta^^ (XIV), 31 gr de m6thoxy-m4thyl- 
dihydronaphtalene, additionn^s de 7^ de soufre en fletir,sontchauff6s 
a 220® dans un ballon k fractionner, plong^ dans un bain m^taUique, 
jusqu’a ce que le d^gagement de Thydrogene sulfur^ ait cess4. La 
liqueur reactionnelle est alors soumise a la distillation dans le vide. 
La fraction passant, sous 10 mm Hg, entre 150 et 156® est redistill^e sur 
un peu de sodium m^tallique. L’^ther naphtolique obtenu cristallise 
dans Talcool methylique en ecailles brillantes et fusibles a 47 — 48®. 
Sous 10 mm Ilg il bout k 152 — 153®. Rendement 14 gr. 

Analyse ^Idmentaire: 

Substance: 0*2028 gr, CO^ 0*6248 gr, 11^0 0*1240 gr. 

Calcule C 83*7 ®/o, H 0-0%, 

Trouve C 84*0 ®/o, H 6*8 ®/o. 

l-MdthyU7-hydroxynaphfalerie (I.). 20 gr de 7-methoxy-l-methyl- 
naphtalene sont chauffes pendant 5 heures a reflux avec 100 cc d’acide 
ac^vtique anhydre et 20 cc d'acide bromhydrique (d =r 1*49). On rend 
ensuite la [solution alcaline, et on la debarrasse des restes de rather 
naphtolique par ^puivsement k Tether. Le naphtol obtenu est precipitd 
par Tacide chlorhydrique et purifie par une distillation dans le vide. 
Sous 10 mm Hg, il bout a 176®. Cristallise dans Teau, il est en aiguilles 
incolores, fondant a 69 — 70®. Rendement 14 gr. 

Analyse elementaire: 

Substance: 0*1921 gr, CO^ 0*5884 gr, H/) 0*1116 gr. 

Calcule C 83-6%, H ()-3%. 

Trouve C 83*5%, // 6*5 ®/o. 

1- Methyl-7 -bcnzoylhydroxy-ruiphtalerie. Ce corps a et^ prepare, k 
partir du naphtol correspondant, par action du chlorure de benzoyle 
en solution alcaline. 11 cristallise dans Taioool en lamelles, dans la 
benzine de petrole (eb. 60 — 80®) en prismes plats, fondant a 88 — 90®. 

l-M^thyl-7-aminonaphtaUne. 2 gr de methyTnaphtol, 15 cc d’ammo- 
niaque concentric et 3*5 gr de sulfite d ’ammonium solide sont chauffis, 
en tube scelli, pendant 10 heures a 170®. I^e produit rcactionnel est 
separe par essorage et purifie par distillation avec la vapeur d’eau. On 
obtient ainsi Famine en aiguilles incolores plates, fusibles k 85 — 86®. 
Le corps cristallise bien dans Talcool methylique. 

Dosage d’azote: 

Substance: 15*980 mgr, N 1*45 cc (18®, 738 mm), 

OiiHiiN: Calcule N 8*9®/o. 

IVouve N 9*1 ®^. 
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Le l-m&hyl-7-<u^tamino-naphtalene obtenu par acetylation deTamine 
precedente, oristallise dans le benzene en lamelles brillantes, fon- 
dant k 157 — 168®. II ne montre pas de depression du point de fusion 
avec la methyl-acet-naphtalide prepar^e k partir du l-methyl-7-nitro- 
naphtalene.®) 

l-Mdthyl-7-hydroxy-8'( d-nitrobenzene^azo )-naphtalene. La p-nitrani- 
line diazotee foumit avec une solution alcaline de l-methyL7-naphtol 
un colorant rouge; celui-ci cristallise dans le nitrobenzene en aiguilles 
rouge clair, fondant a 2(52 — 263®. corps est peu soluble dans le 
benzene, dans Talcool et dans Tacide ac^tique anhydre. 

Dosage d ’azote: 

Substance: 19*913 rngr, N 2*45 cc (20®, 739 mm). 

Oalcule N 13*7 ®/o. 

Trouve N 13*7%. 

Dimdthyl-din/iphlopyrane. 5 gr de l-methyl-7-naphtol sont dissous 
dans 60 cc d’acide acetique 50%; la solution refroidie a 30® est 
additionn(5e do 2*9 cc de formaldehyde 40®/o. Apr^s refroidissement 
a la temperature ordinaire, on ajoute 4 cc d’acide chlorhydrique con- 
centre. Aprfes une demi-heure environ la liqueur laisse deposer un pro- 
duit rosatre que Ton essore apres 24 heures. Le corps obtenu cristallise 
dans la pyridine en longues aiguilles incolores, fusibles a 216 — 217®. 
11 est tres peu soluble dans le benzene et dans I’acide acetique anhydre, 
insoluble dans les lessives alcalines. La solution dans Facide sulfurique 
concentre est vert jaunatre avec une belle fluorescence rouge, ce qui 
revele la presence d'un noyau xanth^nique. 

Analyse ^Jementaire: 

Substance: 0*2196 gr, CO^ 0*7174 gr, H^O 0*1108 gr. 

C^zHisO: Oalcule C 89*03%, H 5*81%. 

Trouve C 89*09%, H 5*60®/o. 

1. r •Dim4thyl-7 . 7' -dihydroxy -8. 8-dinaphtyl. La solution de 1*5 gr 
de l-m^thyl-7-naphtol dans 60 cc d’eau est ebauffee k F^bullition et 
additionn^e, k petite dose, de 2*8 gr de chlorure feirique dans 6 cc 
d’eau acidulee avec UCL L’oxydation est favorisee par agitation; elle 
est termin(5e au bout d’une demi-heure. Au cours de la reaction les 
gouttes huileuses disparaissent et la liqueur laisse deposer un produit 
fonc6. Cristallise dans le xyltee, le dihydroxy -dinaphtyle est en la- 
melles incolores, fondant 238 — 239®. 
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En terminant, nous sommes tr^ heureux de pouroir remeroier ici 
M. M. K, Dziewodski et G. Schroeter qui ont eu la bontd de 
mettre k notre disposition les descriptions d4taill6es de la sulfuration 
du l-m4thyl-naphtal4ne et de la nitration de la l-t4tralone. 

Laboratoire de Chimie organique 
it VScole Polytechnique tchlque de Bmo 
( Tchicoshmquie ) . 
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ON THE LINEAR CRYSTALLIZATION VELOCITY OF CATHODIC 
COPPER IN ELECTROLYSIS OF COPPER SULPHATE SOLUTIONS 

by A. GLAZUNOV and A. ROSKOT.*) 

In determining the linear crystallization velocity (CF) of cathodic 
copper de|)osited from a solution of cupric sulphate we used the same 
arrangement as was already described in a paper by Glazunov, 
Rada and Balcar’) concerning the ('V of silver precipitated from 



Fig. 1. 

a silver nitrate solution, the method of measurement being also the 
same. Because in working with a smaU amount of the electrolyte 
between two glass plates the cathode space is easily exhausted of the 
metal, we worked exclusively with a little trough standing on a glass 
plate (Fig. 1). Only a few parallel experiments were made in order 
to compare the values of OF in both instances. 

However, in using the trough other difficulties arise: the layer of 
copper deposited has the same thickness as the cathode only in the 

•) Published in Czech in Chem. Liaty 1932, 2G, 308. 

1) Chrnn. Liaty 1932, 26, 12. 
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beginning of the electrolysis; after some time its growth is no more 
entirely horizontal, the active surface of the cathode becoming larger, 
and this again being accompanied by a fall in current density. 

The influence of this phenomenon was eliminated, however, by 
making the measurement in the shortest time possible, within which 
the surface of the cathode could be considered as unchanged. The 
way in which the measurements were made being uniform, the 
phenomenon could not have any influence on the shape of the 
curves. 



Fig. 2. 


The temperature of the exi)eriments performed at concentrations 
of ^/g to 5% of cupric sulphate was practically constant at about 
J 8® C. The current density was varied within the interval of 240 — 2800 
Amp./sq. m. A copper anode and a platinum cathode were used. 

The results of measurements are summarized in the accompanying 
Table. 

The influence of the change in current density on the (77 at different 
constant concentrations is described in Fig. 2. It is seen that the 
linear crystallization velocity increases with the rise of current density, 
however, the rate of this increase diminishes slowly with further 
rise in current density. 
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Table. 


Current 
density in 
Imp./sq. m. 

Time 
in min. 

Observed 
growth 
m mms 

Actual 
growth 
in mms 

CV X 10* 
mms /sec. 


400 

3 

15 

0*428 

237 

Vs 

800 

3 

30 

0*857 

476 

Vs 

1200 

3 

60 

1*430 

794 

Vs 

1600 

3 

65 

1*867 

1030 

Vs 

2400 

3 

70 

2*000 

1110 

Vb 

400 

3 

8 

0*228 

127 

Vs 

800 

3 

16 

0*456 

254 

Vs 

1200 

3 

20 

0*571 

318 

Vs 

1600 

3 

22 

0*628 

349 

Vs 

2400 

3 

25 

0*714 

397 

Vs 

400 

3 

5 

0*143 

79*5 

% 

800 

3 

9 

0*257 

143 

y 2 

^2 

1200 

3 

15 

0*428 

237 

1600 

3 

16 

0*457 

254 

y 2 

2400 

3 

21 

0*600 

333 

^2 

400 

3 

1*5 

0*0428 

23*8 

1 

800 

3 

2*5 

0*0714 

39*6 

1 

1200 

3 

9 

0*257 

143 

1 

1600 

3 

11 

0*314 

174 

1 

2400 

3 

13 

0*371 

206 

1 

800 

60 

2 

0*0571 

1*58 

2 

1600 

16 

4 

0*111 

12*2 

2 

2000 

15 

5-5 

0*128 

14*2 

2 

2800 

10 

6 

0*171 

28*5 

2 

240 

852 

5 

0*142 

0*277 

5 

1600 

26 

175 

0*050 

3*2 

5 

2000 

20 

2-5 

0*0714 

5*1 

5 

2800 

23 

3 

0*0857 

6*21 

5 

1600 

5 

22 

0*630 

210 

V4 

800 

8 

14 

0*400 

83*5 

V4 

^2 

2400 

4 

16 

0*457 

190 

2400 

017 

7 

0*200 

188 

^2 

400 

30 

4 

0*114 

6*35 

y 2 

3600 

8 

26 

0*743 

155 


320 

10 

5 

0*143 

23*8 

^ + gelatine 

320 

10 

8 

0*233 

38*8 

^2 

2400 

60 

2 

0*0571 

1*59 

4 

2400 

60 

1 

0*0291 

0*816 

4 + gelatine 

400 

2 

40 

1*142 

351 

Vs 

1600 

3 

20 

0*571 

310 

2 

1200 

6 

35 

1*000 

345 

4 


The reaction of the solution was neutral throughout; for all measurements 
a magnification of x 36 was employed. 
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The influence of concentration on the CF at different, but constant 
current densities is apparent from Fig. 3. As could be expected, the 
CV ol the cathodic deposit fell with increasing concentration of the 
solution, first rapidly and then more slowly. 



Current density la Aop/sq.a. ^ 

Fig. 3. 

An addition of gelatin to the electrolyte, i. e. an increase of its vis- 
cosity diminishes the linear crystallization velocity — the other factors 
having the same values — this decrease causing formation of a finer 
deposit. The character of the deposit obtained under different condi- 
tions is seen from the accompanying micro-photographs Fig. 4 and 6. 

For comparison the form of a sediment obtained between two 
glass plates is shown in Fig. 6. It is self-evident that the velocity 
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i8 greater in this instance, the other conditions of electrolysis being 
the same (because of the rapid exhaustion of copper ions in the 
cathode space). The difference amounts to as much as 30% of the 
original value measured. 

^ , TT — 



Fig. 4. 

Current density 2400 Amp./sq. in, concentration 4%, without gelatin. 


r 



Fig. 6. 

C^iirrent density 2400 Amp./sq. m, concentration 4%, with gelatin. 

In comparing the results given with the crystallization velocity 
of silver, separating under the same conditions from a silver nitrate 
solution, we see that the CV of copper is 10 to 20 times greater than 
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the CV of silver; this could be expected, because, as is known, tilie 
cathodic deposit of silver growing from a silver nitrate solution is 



Kg, 6. 

Current densitj' 1200 Amp./sq. m, concentration 4%. 

in the form of needles, whereas copper gives a compact deposit from 
a solution of cupric sulphate. 


Institute of theoretical metallurgy, 
High School of Mines, PHbram, Bohemia. 


NEW BOOKS. 


J. HeyroTsk;^: PouBtf polarogrrafick^ methody v praktick4 chemii (Appli- 
cations of the polarographic method in practical chemistry). Edited by the 
Czechoslovak association for investigation and testing of technically important 
materials and constructions, with the aid of the Czechoslovak Ministry of 
Public Works, Prague, 1933. With 86 figures and 4 tables. Pp. 135. — K6 30- — . 

This is a highly authoritative monograph on the polarographic method 
written by its originator for the benefit of those who arc in need of a reliable 
guide in the rapidly developing field of application of this beautiful electro - 
analytical method. The book is aptly dedicated to the memory of the author’s 
teacher, the late Prof. B. Kui?.era, who studied the electro -capillarity of 
mercury by means of the mercury dropping ek'ctrode, and, some fourteen years 
ago, encouraged his inquisitive pupil to investigate the behaviour of this elec- 
trode from other points of view. Heyrovsky soon discovered that the current 
flowing through the dropping electrode is a vc?ry delicate and precise means for 
characterizing the diverse reduction processi^s going on in tho surface of this 
electrode when used as cathode, and for disclosing their mechanism. Since that 
time the author has considered the mcTcury dropping cathode as the ideal 
electrolytic instrument with an unlimited }) 08 sibility of application in th(*ore- 
tical as well as in practical electro -chemi.stry, and hopes to show in his book, 
how far this expectation is justified — at least wher(‘ wc* are concerned with 
the practical side of the subject . 

Many important results of th(* work of the author and his school at the 
(hades’ University of Prague are well known to the readers of this journal; 
it must thus suffice to state briefly the cont<'nts of the book. In the first theore- 
tical chapter the author treats of the* principles of el(>ctrolysis with the mercury- 
dropping cathode (nK^osurement of the current, advantages connected with th(‘ 
use of tho mercury dropping cathode, shajie of the current-voltage curves, 
displacement of thcNse curves with the changt^ of concentration and with that 
of the galvanometer sensitivity, the normal and the molar deposition and 
reduction potentials which are summarized in three tables as far as they- are 
already known). The second chapter contains a description of the “polarograph”, 
an apparatus for automatic registration of the current -voltage curves. In the 
third chapter the author describes ail the other appliances necessary for per- 
forming this kind of electrolysis, giving many important practical hints as to 
the necessary characteristics of the galvanometer to be used for this purpose, 
as to the preparation and filling with mercury of the capillaries, preparation 
of purest electrolytic hydrogen etc. In the fourth chapter directions are given 
for performing the electrolysis properly, a special emphasis being laid on the 
possible sources of disturbances and their avoidance*. In the* fifth chapter some 
further fimdamontal results of polarographic researches are treated, such as 
reduction by stages, maxima on the current -voltage curves, the reduction of 



anioiiH* the inflaence of temperature and the limits of tlie eeniitivity^ of tho 
method. In the sixth chapter the author discusses the aignifianoe of thepolaifo# 
graphic method for chemical analysis, its application in the general analysis 
(systematic analysis of cations, analysis of reducible inorganic anions, roduo^ 
tion of molecular inorganic as well as organic compounds) and oatal5’'9sed 
electro-reduction. The last chapter treats of some special instances of ^he 
practical application of the polarographic analysis, for instance in controlling 
the purity of laboratory reagents and pharmaceutical preparations, in physio* 
logical and medical chemistry, m sugar, fermentation and petroleum chemistry^ 
the detennmation of oxygen m technical gases and waters, in ceramics, in the 
technology of nitrogen compounds, in the investigation of the adsorption of 
dyes on charcoal, to the coagulographic control of clarification of supply water* 
Finally some* uses of the polarograph without the mercury dropping cathode 
for potentiometrie and conductometric purposes are described. 

The numerous illustrations, are very instructive, especially th© “polaro- 
grams**, which, being obtained autoifnatically and eliminating thus the personal 
equation constitute one of the greatest advantages of this exquisite electro- 
analytical micro-method, its other merits being a high sensitivity, rapidity and, 
last but not least, the possibility of repeating the analysis with the same 
sample of solution as often as ont* likes or needs, tlie solution not undergoing 
any change whatever thereby. 

A full list of the organic substances hitherto investigated is appended, 
stating which of them can and which cannot be recognized and determined 
by polarographic analysis. The book contains also a complete bibliography 
of publications dealing with the polarographic method. (To the end of 1932, 
139 communications.) 

The author may be warmly congratulated on this highly individual production, 
which isworthtranslatmginto a world language. It can be recommended without 
reserve to the widest possible circle of chemists. Those readers whose interst is 
chiefly confined to theory will await with impatience a more detailed survey of 
the results of the researches of the author’s school from the standpoint of 
t heoretical elect rochemistry . A , Sifmk, 


Dans le travail de 


ERRATA. 


0. Tomiiek et Z. Bektoi^lk: Sur le dosage argentomf^trique dtt 
nitroprussiate (p. 129, No. 3, ann^e V) 

au lieu de lire 


7-8 X 10-13 . 7.g iQ^i$ 

p. 129 ligne 12 d*en has 
p. 131 ligne 3 d’en bas 
p, 135 ligne 7 d’en haut. 


TychAzf nl^‘8l6n^. — Odp. redaktoti arydavatel^: Prof. I)r. Votodek a prof. Of. Hsyrovtk# 
Tfskne „PoUttka*‘ v Praae. Novinovd saeba poTolena fed. podt a teleirrttfd 7746*VI1. 1029 


THE CONSTITUTION OF CERTAIN ACENAPHTHENE SULFONIC 

ACIDS.*) 

By MAR8TON T. BOGERT and RICHARD B. CONKLIN. 

Introductory. 

« The justification for this investigation lay in the fact that we were 
desirous of synthesizing some new types of acenaphthene derivatives 
which ^med likely to be most easily accessible through the nitro- 
sulfonic acids, and the literature of these acids was so confusing and 
apparently contradictory that it became necessary first to make sure 
of the structure of the particular nitrosulfonic acid required for our 
work. 

These conflicting statements in the literature have been rendered 
still more puzzling and annoying by the existence of so many different 
systems of numbering the acenaphthene nucleus, and the uncertainty, 
particularly in the case of £he various abstract journals, as to whether 
the system which appears in the abstract examined is that of the 
original article, of the abstract journal consulted or, where abstracts 
are exchanged between countries, of the abstracting journal of some 
other country. 

As an illustration of this, the October 20, 1931 issue of Chemical 
Abstracts, on p. 5419 prints a resume of an article by Dziewonski, 
Grtinberg and Schoenowna. This resume is entitled “Acenaphthene- 
sulfonic acids. I. Derivatives of 3-acenaphthenesulfonic acid.” This 
'leaves the reader in doubt as to whether the system of numbering 
used in this title is that of Dziewonski or that of Chemical Abatraeta, 
for tihe 3-salfonic acid of the former is the 1 -sulfonic acid of the latter. 
In this particular case, the acid described is the 3-sulfonic acid of 
tiie Dziewonski system and until the reader looks it up he will not 
know to what it corresponds in the Chemical Ab^rada system. 

*) This investigation could not have been completed without the financial 
aid reorived from the trustees of tiie Joseph Henry Fund of the National Aca-‘ 
,demy ci Sciences, U. S, A., to whom we are most grateful. — M. T. B. and 
R. B. C. 
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The following systems have been encountered in the literature: 
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The one iLsed in this article is that show n above as (A), w hich is the 
system employed hy Chemical Abstracts and by Richter’s “Lexikon”. 

Even the literature of the simple acenaphthene monosulfonic acids 
is puzzling and controversial. Inasmuch as the establishment of the 
constitution of a nitrosulfonic acid includes the determination of the 
location of the sulfo group, it is appropriate to summarize here briefly 
the evidence in favor of the structures now* assigned to the two ace- 
naphthene monosulfonic acids with which our work was more imme- 
diately concerned. It should be borne in mind also that it is reason- 
able to assume that the acenaphthene nucleus will behave towards 
most ordinary substituents in the same w'^ay as the naphthalene nucleus 
Hself, wdiich means, in the case of sulfonation, for example, alplm- 
substitution at low temperatures and beta- at high, an assumi)tioii 
which has been confirmed by recent studies in this field. 

Much of the proof of structure in the acenaphthene field rests upon 
that of the nitro derivative formed when acenaphthene is nitrated 
at 10 — 18® in acetic acid solution. 

Bliimenthal^) was the first to use oxidation of the methylene 
groups to show" whether substitution had taken place in these groups 
or in the aromatic nucleus. Graebe^) applied this to the determination 
of the constitution of the above nitro acenaphthene and found that 
it w as oxidized readily to a nitronaphthalic acid which was reduced 
to the corresponding aminbnaphthalic acid. The sodium salt of this 
amino acid, distilled with calcium hydroxide, yielded a/p^-naph- 
thylamine, thus locating the nitro group in the original nitro acenaph- 
thene as at 3 (or 4, which is of course identical). 
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As this proof of structure is clear, we also have used it as the basis 
for some of our own deductions as to structure, but we have been 
able as well to verify its accuracy in other ways described beyond, 

l-Sulfonic Acid (I) (amide, m. p., 196 — 199®). — This is the acid 
which results when acenaphthene is heated with concentrated sulfuric 
acid at 100®. It was described first by Oliveri-Mandala^) and was 
later studied by Dziewonski and Stolyhwo,^) who prepared the 
amide. Oliver! -Mandala oxidized it to a Hulfo- 7 >en-naphthalic acid 
(II). fused the latter with moist potassium hydroxide at 240 — 250® 
and obtained an acid, m. p. 257®, which Dziewonski and his co- 
workers®) subsecpiently proved to be the 7 -hydroxynaphthoic (IV). 

Based upon the work of Oraebe^) with 3-bromo, and of (!)rompton 
and (Jyriax®) with 3-chloro acenaphthene, this sulfonic acid was for- 
merly believed to be the 3-sulfonic acid and this belief was further 
strengthened by the work of Morgan and Yarsley,’) who sulfonated 
acena[)hthene at 100®, nitrated the product, reduced the nitro to the 
aminosulfonic acid, diazotized this, boiled the diazo com])oiind with 
hydroclilorki acid, and stated that they obtained a sultone (XTV). 
The formation of this sultone is mentioned only in the introductory 
])ortion of their papei*. They give no directions or exj>erimental data 
whatever for its preparatiofi, no m. p. or analysis of their product. 

According to Dziewonski and Orzelski,*^) this nitrosulfoiiic acid 
of Morgan and Yarsley was probably the 4-nitro acenaphthene- 
l-s\ilfonic acid (V), from which of course no sultone should be formed 
by conversion into the corresponding hydroxy sulfonic acid. 

Dziewonski, ( J a I i t z e r o w ii a and K o c w a®) also showed that 
Graebe's analytical calculations for the acid, m. p. 257® (IV^), were 
wrong and that (T'ompton and Cyriax w^orked with what must 
have been very impure materials. Dziewonski and Zakrzewska- 
Baranowska®) followed this up by proving that when pure 3-halogeno 
acenaphthenes were used, the results claimed by these investigators 
could not be duplicated. 

The clouds thus thrown upon the previously accepted structure of 
this acid, a structure which Dziew onski*) himself had upheld, and 
particularly the production of the 7 -hydroxynaphthoic acid from it, 
as noted above, together with other evidence which need not be 
reviewed here, convinced Dziew^onski that this acid was really the 
1 -sulfonic and not the 3-sulfonic derivative, a conclusion Avhich is 
strongly supported by our own experimental w ork recorded beyond. 
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S-Sulfonic Acid (VI) (amide m. p. 222 — 223®). — Kalle and Co.^®) 
treated acenaphthene with chlorosulfonic acid, in an inert solvent 
(nitrobenzene, CHCl^, etc.), at 0 — 3®, and obtained a com- 

pound which they regarded as the 7-sulfonic acid. 

Dziewonski and Stolyhwo^) oxidized this to a sulfo-peri-naph- 
thalic acid (VII), which yielded 4-hydroxy-pm-naphthalic acid (VIJI) 
when fused with moist potassium hydroxide, thus indentifying the 
initial compound as the 3-sulfonic acid. 

We are now able to support T)ziewH)n ski’s conclusion concerning 
the structure of this acid, by a series of reactions which do not include 
any caustic alkali fusions (a cause of error in some of the previous 
work). These reactions consisted in the conversion of the sulfonic 
acid to its methyl ester and the ])reparation of the identical methyl 
ester from the 3-amino acenaphthene, the steps being the following: 

R.NO^ - . R,NH, RSO^H 


RSO^Na \RSbjIe\ ^ RSO^Na 

The sodium sulfonates produced in the two series are, of course, 
also identical, but this identity is not so easily established as in the 
case of the methyl ester w^hich has a definite melting point. 

An attempt was made to prove the same thing in a somewhat 
different way, by comparing' the sulfonamide prepared from the sul- 
fonic acid with that obtained from 3-amino acenaphthene, as follows: 


RSO;,Na RSOin 
RNH^ RSO.,H 


\ RSO^N H.\ 


These experiments failed because we were unable to convert the 
ferric sulfinate by ammonia and sodium hypochlorite into the sulfon- 
amide by the method of Thomas.^^) 

4-Nitro- and 4-Amino-3-sulfonic Acid (IX and X). — An application 
was filed in Germany, July 24, 1926, and in England, July 23, 1927, 
for the manufacture of the peri-nitroacenaphthene carboxylic and 
sulfonic acids. The complete specification^*) was issued in England, 
December 8, 1927. 

fn the United States, a similar patent^®) was taken out in 1929, 
in the name of Wilhelm Eckert, which covered only the psn-nitro 
and amino carboxylic acids and made no reference to the sulfonio acids. 
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The early applications for the Brit. Pat. mentioned the preparation 
of the peri-nitrosulfonic acid by sulfonation of acenaphthene at low 
temperature, followed by nitration of the product also at low^ tempe- 
rature, and reduction of the nitro to the pen-arainosulfonic acid. It 
w^as further stated that during the acid reduction of the nitrosiilfonic 
acid water was eliminated with ring closure and formation of the 
sultam (XITJ), but no details of any kind were given. In the complete 
specification as finally granted, it was merely stated that the peri- 
nitro sulfo could be obtained in good yield from the 3-sulfo acid, and 
this pen-derivative was not specifically mentioned or described else- 
where in the patent, w^hich w^as devoted mainly to the pcri-nitro- and 
aminocarboxylic acids. 

Fleischer and Schranz,^^) by direct sulfonation of 3-amino ace- 
naphthene, obtained w hat they believed to be the 3-amino-4-siilfonic 
acid (X) because it coupled with diazo compounds. Morgan and 
^'arslcy,^) however, found it impossible to convert it into a siiltone, 
and were of the opinion that it was more juobably the 3-amino- 1- 
sulfonic acid (XVI). They failed to support this, however, by elimin- 
ation of the amino group and identification of the acenaphthene 
sulfonic acid so formed. 

In the experiments which we have described beyond, the acenaph- 
thene was sulfonated at 0® with chlorosulfonic acid, the sulfonic acid 
(VI) so obtained was nitrated at 15 — ltS«, the nitrosiilfonic acid (IX) 
reduced to the aminosulfonic (X) and the sulfo grouj) removed by the 
action of sodium amalganP^),^®),^),®),^’), leaving an amino acenaphthene 
(XII) identical in all respects with the amino acenaphthene (XII) obtain- 
ed by reduction of 3-nitro acenaphthene (XI). If the structure of 3-nitro 
acenaphthene is accepted as satisfactorily established, it follows that 
the nitro group in our nitrosulfonic acid (IX) must be at 3. But even 
w ere the structure of the 3-nitro acenaphthene unknowm, the evidence 
which we submit beyond for the structure of the 3-nitro-4-sulfonic 
acid (IX) carries with it also the proof of the constitution of both the 
3-nitro acenaphthene (XT) and the acenaphthene 3-sulfonic acid (VI). 

Experiments were also carried out w hose object w as the jirejiaration 
of the methyl 4-nitro-3-8ulfonate, so as to compare its melting point 
with that of other methyl nitrosulfonates of acenaphthene, to use it 
as a derivative of definite melting point for the identification of the 
nitrosulfo acid and of its acid chloride, and to prove that whether 
the free S-sulfonic acid or its acid chloride was nitrated the nitro group 
entered the other jt?cn-position. 
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The steps by which it was sought to prove this were the following: 


C^^H^O^Na 


+ HNO, 


3 NO 

r Pf 


+ 

. PCh 


+ HNO, 




NO^ 

-SO^CI 



G,,H 


^NO, 

^^SO^Me 


As yet, we have not succeeded in completing this proof. Although 
the nitrosulfonchloride was prepared by nitration of the sulfonchloride 
in acetic anhydride solution, the sodium nitrosulfonate in contact with 
phosphorus chlorides either failed to react or decomposed with for- 
mation of tars. The behavior of sodium 1, 8-nitronaphthalene sulfo- 
nate i*) with phosphorus halides is much the same as that of this 
analogous acenaphthene salt. 

Similar results were obtained when either the sodium or the barium 
salt of the nitrosulfonic acid was ti:eated with methyl sulfate. Neither 
could the methyl nitrosulfonate be secured from the nitrosulfonchloride 
by boiling with absolute methyl or ethyl alcohols, by treating with 
sodium methylate in absolute methyl alcohol solution,^®) nor by the 
action of aluminui# ethylate in absolute alcoholic solution. 

This attack having failed, recourse was had to the method already 
outlined for proving the locatioi) of the nitro group in the nitrosulfonic 
acid itself. This involved the reduction of the nitrosulfonchloride to 
the nitrosulfinic acid, oxidation of the latter to the nitrosulfonic acid, 
reduction of the aminosulfonic and elimination of the sulfonic group by 
the action of sodium amalgam. The product was 3-amino acenaphthene, 
identical with that obtained from the free nitrosulfonic acid or by 
reduction of 3-nitro acenaphthene. In the original nitrosulfonchloride 
the nitro group must, therefore, have been in the other peri -position. 

+ HNOq + redn 

C^^H^O^Cl - ► O^NC^H^SO^Cl 


ox + redn 

O^NC^H^SO^H > > 

NaxHg 

H^NC^H^SO^H > 


In the nitration of the sulfonchloride an isomeric nitro derivative 
was isolated, which has not been further studied, but may be the 
5 -nitro-3-sulf onchloride . 
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It is possible that isomers were also formed in small amounts in 
the nitration of the sodium 3-sulfonate and escaped in the mother- 
liquors which were not worked over. 

It is of interest to point out that, whereas the nitration of the 
S-sulfonic acid at low temperatures gives the 4-nitro derivative, Dzie- 
wonski and Orzelski®) have come to the conclusion that sulfonation 
of the 3-nitro derivative at low temperatures gives the 5-sulfonic acid. 
From this 4-aminoaconaphthene-3-sulfonic acid and nitrous acid, by 
a process analogous to that used by Erdmann^”) for the preparation 
of the naphthosultone, the corresponding acenaphthosultone (XIV) 
was obtained, thus proving conclusively that the amino group, and 
hence the antecedent nitro group, must have been in the peri-position 
to the sulfo group, i. e. at 4. 

In further support of this conclusion, the synthesis of peri-thiazines 
(XV) from the 4-nitro-3-sulfonchloride has been completed and will 
be described in another paper. 

Summing up our proof, then, of the constitution of these acenaph- 
thene derivatives, and omitting the intermediate steps, it is as follows: 

3-Nitro aipAa-Naphthylamine 


3-Amino 3-Sulfo > aZpAa-Naphthol 


4-Nitro-3-sulfo 


» Sultone 
" peri-Thiazines 


Experimental. 

3-Nitroacenaphthene (XI) was prepared by the method of Sachs 
and Mosebach,2i) as modified by Morgan and Stanley, ^2) with afew 
minor changes. The yield was 74%, m. p. 103*^ (corr.). Morgan and 
Stanley recorded the m. p, of their product as 106®. It was found 
much easier to purify the amine than to carry further the purification 
of this nitro derivative. 

3-Aminoace7iaphthene (XII). — The 3-nitro acenaphthene was re- 
duced with iV'a 2 ^ 204 , as described byFleischer and Schranz;^^)yield, 
approximately 80%; m. p., 107-5® (corr.), comiJared with a m. p. of 
108® given by Morgan and Stanley.**) 

This same compound was obtained by the action of 5% sodium 
amalgam upon an aqueous solution of sodium 3-amino-4-sulfonate; 
yield, 82% (before final purification), m. p., 107-5® (corr.); mixed with 
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the above reduction product of 3-nitro ac^naphthene, no change in 
melting point occurred. 

Acenaphthene-S’Sulfinic Acid, , — 3-Amino acenaphthene 

was diazotized at 0 — 5® and converted into the sulfinic acid by the 
action of SOqIti the j^resence of copper powder.®^) The acid was extracted 
from the copper by dilute ammonium hydroxide and precipitated at 
5® with concentrated hydrochloric acid, or it was precipitated as the 
insoluble stable orange ferric salt. 

A still more convenient method for the preparation of the acid 
consisted in the reduction of the sulfonchloride by sodium sulfite and 
sodium bicarbonate. 

The free acid formed very unstable colorless needles. On drying, 
or even on recrystallization, it decom])osed, apparently with partial 
air oxidation to the sulfonicj acid and partial compensating oxidation 
and reduction to sulfonic acid, mercaptan and tar. 

The sodium salt, in aqueous solution, was easily oxidized by neutral 
potassium permanganate to the corresponding sulfonic salt. 

All attempts to oxidize the ferric salt to the sulfonamide, by the 
action of ammonia and sodium hypochlorite, failed and no pure 
compounds could be isolated from the tars formed. 

Acena phthene-S-Sulfonic Acid (VT). — The acenaphthene, in nitro- 
benzene solution, was treated at 0® with chlorosiilfonic acid, follow- 
ing the procedure of Dziewbnski and Stolyhwo,^) based upon 
the patent of Kallc & Co.^®) The sodium salt was obtained in lustrous 
colorless plates, w hich were sucked as dry as possible upon the filter 
and then dried finally at 130®; yield, 92%. 

When the 3-sulfinic acid was dissolved in sodium carbonate solution 
containing a small amount of sodium hydroxide and oxidized by the 
addition of neutral potassium permanganate solution until a filtered 
sample no longer gave any precipitate when acidified with hydro- 
chloric acid (excess of alkaline or neutral permanganate oxidizes the 
methylene groups of the sulfonic acid very easily), the sodium sulfonate 
was precipitated by concentrating and adding sodium chloride. After 
re-solution and re-precipitation, the yield of sodium salt was 6-7 from 
10 gr of initial 3-amino acenaphthene, or 44*5%. 

Methyl Ester. — This sodium sulfonate prepared from 3-amino ace- 
naphthene as initial material was changed to its methyl ester by the 
action of methyl sulfate. Crystallized from ligroin, and from methanol, 
this ester formed colorless needles, m.p. 131*0— 132-0®(oorr.); yield, 72%, 
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Ami. Calcd. for 62*87; H, 4*87. Found: C, 62*74; H, 

4*95. 

For purposes of comparison, this methyl ester was prepared similarl}'^ 
from the sodium sulfonate obtained by direct sulfonation of acenaph- 
thene. The yield was 74%, the form and appearance of the crystals 
the same, the m. p. and mixed m. p. identical. 

Anal. Calcd. for C, 62*87; //, 4*87. Found: (K 62-74; 

H, 5*07. 

Ethyl Ester. - Prepared f>y refluxing the sulfonchloridc with abso- 
lute alcohol, in practically the same way as Dziewonski and Sto- 
lyhw o,^) it formed long colorless needles, m. p., 140*0— 141-0® (corr.); 
yield of crude product, 75%. Dziewonski and Stolyhwo reported 
its m. p. as 137 — 139^ 

Anal. Calcd. for 64*07: //, 5*38. Found: Cl 64*07; 

H. 5*23. 

S-Siilfonchloride. — This was pi*epared in crude state by Dzie- 
wonski and Stolyhw o,^) by the action of phosphorus pentachloride 
upon the sodium sulfonate. We, therefore, W7)rked out a method of 
purification, in order to characterize the pure compound. Since those 
ex])eriments w'ere completed, an article has appeared by Dziew onski, 
Kraso wska and Schoenow na,^^) likewise covering the purification, 
analysis, melting point and other properties of this sulfonchloridc. 
These results agree substantially with our own. (Crystallized from 
ligroin, our product formed large flat needles, wdiieh softened at 
and melted at 110 — 111® (corr.). They reported their ])roduct as small 
colorless needles, m. p. 109 — 111®. It was soluble in ether, acetone, 
ethyl acetate, glacial acetic acid, and chloroform, as w^ell as in ligroin. 

Anal. ("alcd. for C 12 H 9 O 2 SCI: C, 57*01; //, 3*59. Found: C, 56*99; 
//, 3*93. 

Our method of purification differed from that of Dziewonski, 
Kraso w^ ska and Schoenowna, and was as follows, the details being 
important: 

To 150^7 of sodium 3-acenaphthene sulfonate, ground to 70 mesh, 
dried at 130®, and contained in a lightly corked balloon flask in an 
ice and water mixture, there was added all at once 165 of pulverized 
phosphorus pentachloride and the mixture was vigorously shaken. 
The reaction began promptly, with liquefaction and rise of temperature, 
which latter was controlled by immersion in an ice-bath. Upon termin- 
ation of the reaction, the mixture was allowed to stand for about 



20 minutes, with occasional gentle warming to prevent solidification. 
It was then poured in a fine stream into a mixture of ice and water. 
After stirring until the product was granular, it was filtered out, 
ground under ice water in a mortar, collected and dried on porous 
plates; yield, 128 g. This tan-colored crude was dissolved in 90 — 95 cc 
of warm benzene and four volumes of gas-machine gasolene was stirred 
in slowly. This precipitated most of the tar and extracted about of 
the acid chloride. The tar was peimitted to settle. The clear supernatant 
liquid was decanted and evaporated to dryness by a gentle air blast. 
The tarry residue was treated thrice more with benzene and gasolene, 
and the extracts similarly evaporated. The chloride so obtained formed 
long yellow needles, m. p. 91 — 100®: yield, 100 g. 

Further purification was effected by crystallization from ligroin 
(b. p. 80 — 110®), using 7 cc of solvent per g of chloride. The 100 g 
of m. p. 91 — 100® gave 68 g of m. p. 100 — 106®, the final purification 
of which was accomplished by re-crystallizations from ligroin. 

4-Nitroacenaphthene-3‘Sulfinic Acid. — A finely ground mixture of 
5 g of the 4-nitro-3-8ulfonchloride with 3-2 g of sodium bicarbonate 
was added to a solution of 2-6gr of anhydrous sodium sulfite in 20 cr 
of water, and the whole was warmed at 30 — 40® until the evolution 
of carbon dioxide set in. It was allowed to stand until a clear orange-red 
solution was obtained, with occasional warming when the reaction 
flagged. The solution was then diluted with water to about 100 cc, 
cooled to 5®, and the nitrosulfihic acid precipitated by the addition 
of concentrated hydrochloric acid. After standing for 15 — 20 minutes, 
the bright yellow precipitate was removed and washed two or three 
times with dilute hydrochloric acid. It was not further purified or 
analyzed, but was oxidized directly to the sulfonic acid. 

4-Nitroa^enaphthene-3-sulfonic Acid (IX). — To 60 cc of well stirred 
glacial acetic acid, 60 g of sodium 3-acenaphthene sulfonate, dried 
at 130® and ground to it 70 mesh, was added slowly and then 30 cc 
of pale yellow^ nitric acid, of sp. gr 1*6, was dripped in gradually. The 
temperature of the solution was 15 — 18® at first, but was lowered 
gradually to 10® as the nitration proceeded. After all the nitric acid 
had been added, the temperature was kept at 0 — 10® for 15 minutes, 
the mixture then poured into '900 cc of water, well stirred and filtered. 
The filtrate was precipitated cold by the addition of 324 g of sodium 
chloride, the precipitate collected, redissolved in 500 cc of hot water 
and precipitated hot with 160 g of sodium chloride. Dried on porous 
plates and then at 120®, the yield was 59-5 gr, or 85®/o, and of course 
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contained some sodium chloride. It formed a bright yellow powder 
freely soluble in water. In alkali solutions, it was unstable. Neither 
lead, barium, nor silver salts, could be precipitated from the aqueous 
solution of the sodium salt, and attempts to prepare an acid chloride 
resulted only in decomposition. 

For analysis, the sodium salt was crystallized from 60 — 70% alcohol, 
in which saturated solutions were secured only after long boiling. 

ATial, Calod, for Ci^/)f^N8Na: G, 47-82; Hy 2*68; Na^O^, 23*59, 
Found: (7, 47*79; //, 2*83; Na^O^, 23*52. 

When the sodium salt was treated with methyl sulfate at room 
temperature, no reaction occurred even on long standing. If the mix- 
ture was heated, tars were formed, from which we were unable to 
isolate any pure products. 

This same nitrosulfonic acid was obtained by the oxidation of the 
4-nitro-3-sulfinic acid. The latter was dissolved in water by adding 
solid sodium bicarbonate slowly until on warming no solid remained 
and no carbon dioxide was evolved. The clear orange solution which 
resulted was cooled to 15® and oxidized by gradual addition of an 
aciueous solution of i)ota8Rium permanganate and magnesium sulfate. 
The oxidation was practically instantaneous. The combined filtrate and 
washings from the inorganic precipitate was clear yellow and contained 
the nitrosulfonic acid. It was reduced directly to the aminosulfo acid 
as mentioned beyond, from which in turn 3-amino acenaphthenc was 
prepared as already described. 

4-Nitr<xicenaphthene-3-mlfonchloride. — The nitration of acenaph- 
thene 3-sulfonchloride proved unexpectedly troublesome. The methods 
used by Bogert and Bartlett, 2 ^) by Bender and Erdmann, and 
by Reissert,2’)gave unmanageable tars. It was finally accomplished 
by using a nitric acid of sp. gr 1*5, which had been boiled to remove 
oxides and then cooled. This specially prepared nitric acid (40 cc) was 
added to a suspension of the sulfonchloride (100 m. x^- — 106®) 
in acetic anhydride (100 cc) at 10®. 

After about half of the nitric acid had been added, precipitation 
of the nitrosulfonchloride comi)elled the gradual addition of 70 — 80 cc 
more of the acetic anhydride. Upon the conclusion of the nitration, 
stirring of the reaction mixture was continued for 5 — 10 minutes and 
it was then poured into a mixtui'e of ice and water. The granular 
precipitate, washed with water and dried on porous plates, was pale 
yellow and weighed 117 gr. Most of the tarry impurities were dissolved 
out by rubbing the compound with ether in a mortar. There remained 
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then 104 g of product, m. p. 120 — 130®, which contained, in addition to 
the chloride sought, at least one other isomer. 

The separation of this mixture and the purification of the products, 
proved difficult and unsatisfactory. The finely ground crude was added 
all at once to eight times its weight of glacial acetic acid at 85 — 90®. 
When the temperature reached 100® (not higher), the mixture was 
filtered quickly with suction and the filtrate allowed to cool to room 
temperature in the suction flask. The material on the filter, though 
dark in color, was quite pure 4-nitroacenaphthene~3-8ulfonchloride. 
From the cooled acetic acid filtrate, there crystallized rosettes of fine 
opaque needles. The combined weight of this and what w^as collected 
in the first filtration amounted to about 42 g, melting at 145 — 150® 
or higher. This material w as extracted by refluxing with chloroforn\ 
(previously distilled over sulfuric acid, to remove any alcohol) and 
the hot chloroform extracts precipitated by the gradual addition of 
petroleum ether. The 4-nitro derivative was thus obtained in fine pale 
yellowish needles, which were nearly ])iire; yield, about 20%. 

For analj^sis, a sample was crystallized from jiure chloroform. Ro- 
settes of fine yellow needles resulted, which generally became opacpie 
on drying. Placed in the bath at 180® (corr.) and raising the temperature 
0® per minute, the compound decomposed vigorously at 190*3 — 191*3® 
(corr,). Placed in the bath at 170® (cow.), and raising temperature 
10® per minute, it darkened immediatel}', and decomposed vigorously 
at 189*3—190*3® (corr.). 

Anal. Calcd. for C', 48-39; II, 2*71; N, 4*71. Found: 

V, 48*20; //,2*06; N, 4*90. 

Boiling water decomposed this chloride, but no free sulfonic acid 
could be isolated. Towards alkali, it exhibited the same instability 
as the nitrosulfonic acid. Effoits at esterification ])roved futile. 

Attempts to prepare this same comx)ound from the sodium nitro- 
sulfonate failed. With phos})horus pentachloride tars resulted, as 
(Jleve^®) foundin the naj)hthalene series and this hap])emed even when 
the phosphorus pentachloride was diluted with phosidiorus trichloride 
or phosphorus oxychloride. Neither phosphorus trichloride nor phos- 
phorus oxychloride alone reacted w ith the sodium salt. 

An Isomeric Nitrosulfonchloride , — From the acetic acid motherliquors 
of the 4-nitro-3-sulfonchloride, there was isolated an appreciable amount 
of an isomeric nitrosulfonchloride, w’^hich formed long needles, of a pale 
creamy yellow color, which melted without decomposition at 167*5 to 
168*5® (corr.). Mixed wdth the 4-nitro isomer, the m. p. w^as about 140®. 
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AnaL Calcd. for C, 48*39; H, 2*71; N, 4*71. Found: 

C\ 48*59; H, 2*68; N, 4*94. 

In all solvents tested it was much more soluble than its pm-isomer. 
The location of the nitro group was not determined, but Dziewonski 
and Orzelski*) sulfonated 3-nitro acenaphthene at low temperature 
and obtained a nitrosulfo acid which they concluded carried its sulfo 
group at Position 5. It seems probable therefore that this isomeric 
sulfonchloride is the S-nitro-S-sulfonchloride. 

4-Ami7io(uemaphthene’3-8ulfonic Acid (X). — A solution of 10 (j of 
sodium 4-nitro-3-acenaphthene sulfonate in 150 cc of water was warmed 
with excess of zinc shavings (previously washed with dilute hydro- 
chloric acid containing a few drops of copper sulfate solution) and 
hydrochloric acid until practically all color had disa})peared and the 
pre(iipitation of arninosulfonic acid had ceased. The precipitate was 
collected, heated with excess of dilute sodium bicarbonate solution 
containing a little sodium sulfite, the mixture filtered hot and the 
hot filtrate precipitated with hydrochloric acid. The amino acid thus 
obtained aj)peared in minute pale tan rods, whicdi were washed care- 
fully with water, alcohol and ether; yield, 4*55 f/. or 55%. It w^as 
re-crystallized from water, using the calculated amount of sodium 
bicarbonate, acidifying in the presence of sulfur dioxide and drying 
the product at 119^. 

Calcd. for i\ 57*79; //, 4*45. Found: C, 57*80; 

//, 4*70. 

AcevaphfhosulUme (XIV). — 4-Aminoacena})hthene-3-sulfonic acid 
was diazotized, hydrocdilorii? acid was added and the diazo solution 
boiled until the evolution of nitrogen ceased. The sultone precipitated; 
yield, 50%. It w^as crystallized first from benzene and then from alcohol, 
giving long colorless needles, m. p. 173^ (corr.). 

Anal, Oaled. for 0, 62*04; if, 3*47; S, 13*81. Found: 

C, 62*09 and 62*01; H, 3*59 and 3*61; S, 13*47. 

It was not changed by cold aqueous ammonium or sodium hydroxide 
solutions. Alcoholic ammonia dissolved it slowdy cold, more easily hot, 
to a clear yellow solution. Hot aqueous sodium hydroxide solution 
dissolved it readily. 


Summary. 

1. A series of experiments are recorded by which the structures 
of the following acenaphthene derivatives have been definitely estab- 
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lished: 3-nitro, 3-sulfonio acid, 4-nitro-3-8ulfonic acid and 4-amino-3> 
sulfonic acid. 

2. This proof avoids the caustic alkali fusions and coupling reactions 
whose interpretation has been the cause of much of the confusion 
heretofore existing in the literature. It shows conclusively that, like 
naphthalene, when acenaphthene is nitrated or sulfonated, in an inert 
solvent, at or near 0", the substituent enters position 3, i. e. para 
to the ethylene bridge and corresponding to the alpha position in the 
naphthalene nucleus. This corroborates the conclusions of Dziewon- 
ski, Galitzerowna and Kocwa. 

3. It is shown also that, again like naphthalene, when 3-acenaph- 
thene sulfonic acid, or its chloride, is nitrated at low temperature, 
the nitro group goes chiefly to the other pen-position. This confirms 
the unproven claim made in a recent I. G. Farbenindustrie Aktien- 
gesellschaft patent. 

4. The constitution assigned to 4-nitro acenaphthene-3-sulfonic acid 
is further substantiated by its reduction to the corresponding amino- 
sulfo acid, the conversion of the latter into the sultone, and the forma- 
tion of peri-thiazines from the 4-nitro-3-8ulfonchloride. 

5. From the structure established for this 4-araino-3-8ulfo acid, that 
of 3-amino, and therefore of 3-nitro acenaphthene follows, since elimin- 
ation of the sulfo group from the 4-amino-3-sulfo acid leaves the same 
amino acenaphthene as is obtained by direct reduction of the 3-nitro 
acenaphthene. This confirms the conclusions of Graebe, upon which 
much of the proof of structure in the acenaphthene field rests. 

New York, N. Y. 


Contribution froi.i the Chemical Laboratories 
of Columbia University, 
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SYNTHfeSE 

DU 4.n-PR0P¥LN0NADfiCANE ET DU S-n-BUTYLEICOSANE 

par S. LANDA, J. CECH et V. SLiVA. 

Bien que nous ayons prepare jiisqu'ici plusieurs paraffines et olefines 
sup^rieures k chaine lat^rale arborescente,^) leur nombre n’est cepen- 
dant pas suffisant pour une etude a])profondie de ces hydrocarbures 
dans diverses directions comme par exemple en ce qui concerne I’influ- 
ence qu’exerce la chaine laterale sur Tindice d’iode, etc.^) 

Dans le present travail nous decrivons la preparation du 4-propyl- 
nonad^cane et du 5-butyleicosane. Ellc est sensiblement la meme que 
pour les hydrocarbures decrits anterieurement. 

Pour 1 mol. gr de palmitate d’ethyle (284 gr) nous avons employ^ 
97 gr de magnesium (exces de 100%) et 500 gr de bromure de propyle 
normal dans 1 litre et demi d’cther. Le palmitate a ete introduit, lui 
aussi, en solution ctheree, Apres un repos de 24 heures, Tether a ete 
partiellement chasse par distillation, le rosidu a ete decompose par 
de Teau et de Tacide sulfurique dilue (1 : 5). Le produit a et^ debarrass(5 
de son ether par un courant de vapeur d’eau, lave successivement 
k Teau et avec une solution etendue de potasse carbonatee et, enfin, 
desB4ch4 dans un courant d’air chaud. 

Une determination de Tindice de saponification nous a montre que 
la totality du palmitate initial etait entr6e en reaction pour former le 
dipropyl-pentad^cylcarbinol. Un dosage par le precede Cerevitinov 
a revele dans le produit 3*6 % de OH, alors que la theorie en exige 5*22 %. 
Llndice d’iode etait de 24*5 au lieu des 8T8 calculus pour une olefine 
U 22 ^ 44 . Le produit renfermait done environ 70% d'alcool tertiaire et 
30% d’oMfine. Nous nous sommes efforces de le debarrasser de cette 
derniere par des cristallisatipns dans Talcool, IVther, Tac^tate d’^thyle, 
le benzene, Tessence, le t6trachlorure de carbone, sans toutefois r^ussir. 
Ce n’est qu'apr^s une d^shydratation ult^^rieure par refroidissement 
k 0® que le dipropylcarbinol s’est depose dans un melange renfermant 
80% d’ol^fine et 20% de carbinoL Une cristallisation trois fois r6p6t^ 
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dans Talcool et le benzene amena le corps au point de fusion de 44-5® 
qui restait fixe lors des cristallisations ulterieures. Le produit consti- 
tuait alors le propylnonadecanol pur, ainsi que Font confirme le dosage 
de Foxhydryle (Cerevitinov) et Fanalyse elementaire. 

Dosage de YOH (Cerevitinov): 

Substance: 0*3930 gr, CH^ 26-70 cc (0^ 760 mm). 

Calcule OH 5-22%. 

Trouve OH 5-19%. 

Analyse el6mentaire: 

Substance: 0-2000 gr, CO^ 0-5921 gr, H^O 0-2556 gr, 

C^H^/): Calculi C 80-89%, H 14-21%. 

Trouve C 80-74%, H 14-25%. 

4-Propylnonadecene“3. 

11 a etc prepare en chauffant le dipropyl-pentadecylcarbinol avec du 
chlorure de zinc anhydre a 110 — 115^ sous la pression ordinaire. 
L’allure de la deshydratation a ete controlee toutes les deux heures. 

Au bout de 2 heures il restait 45-0% de carbinol inaltere 
4 „ 20-7% 

,, 0 ,, 150% ,, 

H „ 8-3% 

10 „ 6 - 5 % 

„ 12 „ 4-0% 

Un chauffage prolonge au-dela de 12 heures s’est montre impuissant 
a rabaisser la teneur en OH au-dessous de 3%. Les dernieres traces 
d'alcool out 4te ^liminees au moyen de bromure d’ethylmagndsiura. 
11 a et^ ajoute, en quantity calculi, en solution etheree; apres me- 
lange, on a distill6 d’abord sous pression atmospherique, puis sous 
10 mm de mercure dans un courant d’acide carbonique sec. De cette 
maniere, Tdlimination du carbinol a et4 quantitative. L’ol^fine obtenue 
est un liquide incolore, insipide et inodore, distillant entre 204 et 
206® sous 10 mm de merctire. 

Analyse 414mentaire: 

Substance: 0-2007 gr, CO 2 0-6317 gr, H 2 O 0-2574 gr. 

Calculi G 86-62%, H 14-38%. 

Trouv6C 86-84%, H 14-25%. 
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Refraction et dispersion: 


1-45352, w/f ^ 1-45568, 

M„ 

Trouve 1()3*0() 

Calcule 1()2-S4 


1-46238, 

- 1-46716 




103-49 

1-70 

2-70 

103-33 

1-69 

2-68 


Viscosites absolues et poids specifiques: 


ternpeniture 

v4.scosito 
absolu o 

poids 

spwifiqiH' 

0» 

0-17158 


lO" 

0-11650 

0-811(5 

20® 

0-08248 

0-8044 

30" 

0-06130 

((•7982 

40® 

0-04717 

0-7920 

50® 

0-03738 

0-7858 

(50® 

0-03337 

0-7793 

70" 

0-02521 

0-7710 

80® 

0-02130 

0-7(552 

!♦()« 

0-01730 

0-7588 

99" 

0-01598 

0-7525 


Pour decider lequel des deux j)ropyliioiiadecenes ({)resentant la 
liaison ethylenique soit en 4, soit en 3) prend naissance dans la deshy- 
dratation,nous nous soniines adresses k la reaction au pennanganaie en 
solution aqueuse. A cet effet, 10 gr d’oleline ii essayer ont etc agites, a la 
temperature du laboratoire, avec le reactif permanganique aussi long- 
temps qu’il y avait decoloration. Le bioxyde de manganese forme a ete 
recueilli sur filtre, dessecht?, puis ex trait a lether absolu. Cette opera- 
tion a donne 9*0 gr d’un extrait dont la cristallisation dans I’alcool et le 
benzene a abouti a un produit fondant a 50-5^^, ce qui est le point de 
fusion de la propyl-pentadecylcetone. Dans le filtrat apres le bioxyde 
de manganese on a recherche la i)r6sence de la dipropylcetone, toute- 
fois sans r<^sultat. Dans le meme filtrat, apr^s distillation dans un 
courant de vapeur d’eau, on a pu constater la presence de I’acide 
propionique. Le sel d argent respectif renfermait 59-60% d'argent, la 
th^.orie en exige 59-60%. La scission oxydante a done prouve que le 
seul produit de la deshydratation est le 4-propylnonad6cfene-3. 
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4-Propylnonadecane. 

11 a 6t6 pr6par4 k partir du propylnonadecene par fixation d’hydro- 
gene sous pression ©t en presence de nickel. La temperature maximum 
etait de 140®, la pression initial© de 90 atmospheres. 

Aprfes Elimination du nickel par filtration la paraffine obtenue a ete 
rectifiee sous 10 mm de mercure. Le point d’ebullition etait entre 
210 et 211® sous la dite pression. 

Analyse elementaire: 

Substance: 0*1705 gr, CO^ 0*5497 gr, //gO 0*2358 gr. 

^ 22 ^ 46 - Calcule E/ 85*00%, II 14*94%. 

Trouve Ey 84*94%, // 14*90%. 


Le propyinoiiadecane fond a 0*5®, mats il subit aisement la surfusion 
(jui peut atteindre 25® et mem© davantago. 

Refraction et dispersion: 


1*44019, 

- 1 -44855, 

1-45399, 1-45900. 

p / 



r 

1 

^ 22 ^/ 40 : Trouve 

103-34 

103-81 1-56 2-56 

(^alcule 

103-33 

103-79 1-60 2-54 

Viscosites al)Solues et poids 8f)ecifi(|ues: 

teiiiporatnn* 

viscositt' 

ahsolm- 

poicls 

spt*C‘ifi(pa‘. 

0® 

(»- 18902 (jr 

sev " ^ 0*8109 

lO" 

0-10998 

0*8039 

2(»« 

0-08807 

0*7908 

3<t" 

0-06453 

0*789() 

40" 

0-04854 

0*7 836 

50" 

0-03827 

0*7771 

00" 

0-03061 

0*7704 

70" 

0-02534 

0*7038 

HO" 

0-02148 

0*7575 

90" 

0-01843 

0*751 1 

!*0® 

((•01615 

0*7441 


5-Butyleicosane. 

Sa prEparation a ete analogue a celle de I'hydrocarburc precedent 
(palmitate d'Ethyle -+■ bromure de butylniagnEsium). Le butjdeicosanol 
formE a EtE dEshydratE soit par le chlorure de zinc anhydre, soit par le 
bromure d’EthylmagnEsium. L’olEfine obtenue a Ete transformEe en 
paraffine par Thydrogene sous pmssion. 
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5-Butyleicosanol-5. 

Dans sa preparation le magnesium et le bromure de butyle ont ete 
employes en quantite deux fois theorique. 

Le palmitate est entierement entre en reaction. Le produit obtenu 
devenait solide a 18® et constituait un melange de carbinol et d’oiefine. 
La cristallisation dans les solvants usuels s’est montree impuissante 
a separer ces deux constituants. Ce n’est qu’apres un traitement des- 
hydratant au chlorure de zinc, qui a eu pour effet d'augmenter 
la proportion de Tolefine, qu^il a ete possible de separer, par refroi- 
dissement a 0®, du carbinol assez pur, la cristallisation duquel (dans 
Talcool et le benzene) a enfin foumi le butyleicosanol pur, fusible k 50®. 

Dosage de VOH (Cerevitinov): 

Substance: 0*1846 ^r, CH^ 11*5 cc (0®, 760 mm), 
CalcuieOJEf-4*79®/o. 

Trouve OH 4*78®/o. 

Analyse eiementaire: 

Substance: 0*2000 gr, 00^ 0*5970 gr, H/) 0*2855 gr. 

CuH^oO: Calcuie C 81*27 ®/o, H 14*22®/o, 0 4*51%. 

Trouve C 81*42®/o, H 14*28®/o, 0 4*30®/o. 

5-Butyleicosene-5. 

Le butyleicosanol a ete chauffe a lOO — 110® avec 10% de chlorure 
de zinc. Voici Failure de la deshydratation: 

Au bout de 2 heures il restait 58*1 % d’alcool 
„ 4 „ „ 22*7% „ 

„ 6 „ „ 13*5®/o „ 

„ 8 „ „ 10*0®/o 

Le refroidissement du melange final a 0® en separa 7*3®^ d’alcool 
a retat cristallise, le reste a ete eiimine par distillation avec du bromure 
d’ethylmagnesium sous 10 mm de mercure. Une double rectification 
a fourni Thydrocarbure sous forme d’un liquide incolore, distillant 
entre 219 — 221® sous 10 mm de mercure. 

Analyse eiementaire: 

Substance: 0*2295 gr, CO^ 0*7210 gr, H^O 0*2980 gr, 

Calcuie C 85*62®/;, H 14*38®/o. 

Trouve C 85*59 ®/o, H 14*44 ®/o. 
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L'oxydation du butyleicoshne a et6 effectu6e comme pour le propyl- 
nonad^cene. 10 gr d’ol^fine ont foumi 8-3 gr de butylpentad^cylcetone, 
corps nouveau, pas encore signal^ dans la iitt^rature. A cote de la 
c6tone il s’est form6 de Tacide butyrique, qui a ete identifie a Tetat 
de son sel d’argent. 0*3898 gr de ce dernier ont laisse 0*2164 gr d’argent. 
Cela correspond k 65*50% di^Ag, alors que la teneur calcul^e pour 
CJI,O^Ag est de 55*34% Ag. 

La butylpentadecylcetone est un corps blanc, d ’aspect paraffine, 
fusible a 52®. Elle est aisement soluble dans Tether, le benzene, moins 
soluble dans TalcooL Ces deux derniers solvants se pretent bien a sa 
cristallisation. 

Analyse ^l^mentaire; 

Substance: 0*1220 gr, CO 2 0*3620 gr, Hfi 0*1500 gr. 

C^oHaoO: CalculeC 80*99%, H 13*61%. 

Trouve C 80*92%, H 13*66%. 

Les produits d’oxydation qu’on vient de signaler mettent en Evidence 
que dans la d^shydratation du dibutyl-pentad^cylcarbinol la seule 
olefine form^e est le 5-butyleicosene-4. 

Refraction et dispersion du 5-butyleicosene-4. 






M 

r— 

(^ 24^48 • Trouve 

112*12 

112*68 

1-92 

3*13 

Calcuie 

112*03 

112*56 

1-83 

2*94 

Viscosites absolues et 

poids specifiq 

ues: 



temperature 

viseosite 

absolue 


poids 

specifique 


0« 

0*24629 gr cm~~^ seer- 

1 0*8205 


10» 

0*15981 


0*8139 


20® 

0*10938 


0*8077 


30® 

0*08008 

yy 

0*8018 


40® 

0*06032 


0*7951 


60® 

0*04708 

j j 

0*7889 


60® 

0*03742 

>» 

0*7821 


70® 

0*03059 

ft 

0*7755 


80® 

0*02543 

ft 

0*7694 


90® 

0*02174 

ft 

0*7031 


99® 

0*01890 

ft 

0*7568 
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5-Butyleicosane. 

L’hydrogenation de Tol^fine a ete op6r6e par de Thydrogfene sous la 
pression initiale de 90 atmospheres, en presence de nickel finement 
divise. 

La paraffine obtenue constitue un liquide incolore, distillant entre 
222 et 223” sous 10 mm de mercure, devenant ‘solide k + 8®. II est 
enclin k la surfusion, qui pent atteindre 20” et mc^me davantage. 

Analyse eiementaire: 

Substance: 0-2294 grr, 00^ 0-7145 gr, Hp 0-3060 gr. 



CalculeC 85-1]%, H 14-89%. 
Trouve C 84-94%, H 14-81 %. 


Refraction et dispersion moleculaires: 







CiJha- Trouv4 

112-47 112-92 

1-73 

2-63 

C!alculo 

112-53 113-02 

1-73 

2-76 

Viscosites absolues et poids specifiques: 



teinpi^'rature 

viscosito 

absolue 

})oi(lR 

sjiocifiquo 


0” 


0-8150 


10” 

0-19521 gr cm~^ sec 

0-8080 


20” 

0-12913 

0-8012 


30” 

0-09047 

0-7943 


40” 

04)6641 

0-7881 


50” 

O-()50«O 

0-7815 


60” 

o-().‘{ 9 ttr> 

0-7761 


70” 

0-03213 

0-7698 


80” 

0-02654 

(b7630 


90” 

0-02449 

0-7567 


99” 

0-01976 

0-7499 



C-haleur de cjombustion 11.054. 

('haleur de combustion moleculaire: 3.74] Cal. 


Instiiut de Technologie des Cojnbusiibles 
d Vl^cole Polytechnique tcheque de Fragile 
( Tchecoslovaquie ) . 
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INFLUENCE OF PARCHMENT MEMBRANE ON THE TRANSPORT 
NUMBERS OF CATIONS IN SOLUTIONS OP SODIUM AND BARIUM 

CHLORIDES 

by J. HABOROVSKV^ and O. VIKTORIN. 

In attempting to explain the discrepancies between the numerical 
values of the electrolytic water transport and of the cation transport 
numbers respe(;tively, obtained by analysis of both the cathodic and 
the anodic solutions in the electrolysis of aqueous solutions of the 
chlorides, bromides and iodides of alkali metals, alkaline-earth metals 
and hydrogen {HVl, HBr and III) in the presence of [)archment mem- 
brane J. Baborovsk,'^^) jmt forward the opinion, that the behaviour 
of this membrane has two aspects: In very dilute solutions electro- 
osmosis is the chief factor, and the parchment membrane is swollen 
therein to a relatively considerable degree. At all dilutions of the 
above-mentione^ electrolytes the mobility of the anions is lessened 
by their adsorption. At low concentrations the swollen })archment 
membrane also reduces the mobility of the cations, whereas at higher 
concentrations the swelling of this membrane decreases to a ceitain 
degree, the mobility of cations being thereby increased. Thus, besides 
electro-osmosis at very small concentrations, there also comes into 
])lay a decrease of swelling of the membrane at higher concentrations. 

To support this opinion ex})erimentally we measured the electro- 
motive forces of concentration cells with transjiort, Uvsing ])artly sodium 
chloride partly barium chloride as electrolytes, one series of measure- 
ments being made with, the other one without a parchment membrane. 
The electromotive force of the concentration cells with transport and 
without the membrane was determined in an apparatus consisting of 
two (/-tubes provided with narrow side-tubes, bent in the manner of 
a siphon, which dipped into an intermediate vessel. The electrodes 
were fixed by means of plugs within those arms of the (7 -tubes con- 
taining the electrode solutions, these arms not being provided with 

1) J. Baborovsky: Chem, Liaty, 1932, 20, 474; J. Baborovsky and 
A. Wagner; Z, physikaL Chem,^ A. 1933, 103, 122. 
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the siphon-like tubes. The electrodes were platinum plates heavily- 
silvered electrolytically and covered with electrolytically formed silver 
chloride.*) The intermediate connecting vessel always contained a so- 
lution the concentration of which lay about half way between those 
of the electrode solutions. It was ascertained, as is already known 
from literature, that the electromotive force of a concentration cell 
with a liquid junction does not depend on the concentration of this 
solution, when this concentration has a value lying between those of 
the electrode solutions. The electromotive force of the concentration 
cells with transport and with the membrane was measured in a bi- 
partite apparatus as used by us for estimating hydration of ions and 
described in our former communications. The parchment membrane 
was leached out with frequently changed water and fixed in its position 
in the usual way, as previously described. It is to be emphasized, 
that the fixed membrane ‘was flattened over filter paper by means 
of a warm glass rod, as in our former experiments, so that it was 
covered on its surface with a thin layer of paraffin. The electromotive 
force was measured by means of a Leeds and North rup j^-type 
potentiometer using a galvanometer with a sensitivity of 5-3.10~~® 
amp./mm. The whole cell investigated, together with the intermediate 
vessel, was immersed in a thermostat*) the temperature of which was 
maintained constant at 25*00 i 0*03® C. The solutions were prepared 
from the purest Kahlbaum samples “mit Garantieschein'’. The concen- 
tration of sodium chloride is given in moles per 1 litre of the solution, 
for barium chloride in moles per lOOOgrr^of water (in order that the data 
obtained may be more easily compared with those given in literature). 

The electromotive force of the cells without membrane does not 
change at all with time, that of the cells with membrane changes on 
the whole very slightly in the lapse of two hours (except with the 

*) The platinum plate 9 x 20 mm was first treated with concentrated nitric 
acid, rinsed thoroughly with distilled water, and th(»n covered with a thick layer 
of silver, deposited on it by electrolyzing a water solution of the complex potas- 
sium silver cyanide during 15 hours with a current of 4 to 6 milliamp. The 
deposit was then washed for about 24 hours with frequently changed distilled 
water, and covered afterwards with a layer of silver chloride by electrolyzing 
fo7* 20 minutes with a current of 4 to 6 milliamp. a solution of sodium or barium 
chloride resp., having the same concentration as that of the corresponding 
solution in the concentration cell into which the electrode dipped. Only in the 
v('ry dilute solutions the covering of silver chloride could not be prepared by 
electrolyzing such dilute solutions, but by electrolysis of a 0*1 -normal solution 
of .sodium chloride or a^O-Ol-normal solution of barium chloride. 

») 8ee V. Cupr: Z. Elekirochem., 1931, 37, 129. 
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most dilute solutions). The values found are contained in Table I for 
sodium chloride and in Table II for barium chloride; their last column 
gives the difference, A, between the electromotive forces of the cells 
with and without the membrane. For sodium chloride the electro- 
motive force of the cells with membrane is larger than that of the 
cells without membrane at all concentrations, the difference between 
both increasing with decreasing concentration. The behaviour of the 
barium chloride solutions is somewhat more complicated. At concen- 
trations higher than the ratio 0*1 : 0-01 the presence of the membrane 
causes a decrease, at those lower than this ratio, on the contrary, an in- 
crease of the electromotive force. The difference A increases on both 
sides the more, the farther we are from the concentration ratio 0- 1 : 0*01 . 


Table I. 

Solutions of NaCL 


Ratio of electrode 
concentrations 
in moles 

E.m.f. 
in volts 
without 

Time in 
minutes 

E.m. f. 
in volts 
with 

Time in 
minutes 

A in volts 

membrane 


membrane 




0*0482 

8 

0*0499 

7 


4-():(V4 



00501 

67 

+ 0-0017 


0*0482 

146 

0*0504 

118 



0*0431 

26 

0*0459 

6 


20:0-2 



0*0457 

58 

+ 0-0028 


0*0432 

77 

0*0454 

136 


10:01 

0*0416 

0*0410 

2 

25 

0*0442 

0*0442 

2 

32 

+ 0-0026 


0*0418 

3 

0*0450 

6 * 


0-5:005 



0*0450 

50 

-f 0-0032 


0*0418 

51 

0*0448 

122 



0*0434 

13 

0*0593 

5 


0- 1:001 



0*0593 

45 

+ 0-0159 


0*0433 

20 

0*0588 

163 



0*0439 

2 

0*0058 

9 


0*05:0005 



0*0057 

30 

4- 0-0219 


0*0439 

17 

0*0044 

125 



0*0490 

3 

0*0519 

6 


1*5:01 



0*0512 

42 



0*0490 

13 

0*0514 

122 



0*0557 


0*0578 

8 


20:0*1 



0*0577 

40 



0*0557 

17 

0*0574 

120 
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Table II. 
Solutions of BaCl^- 


Ratio of electrode 
concentrations 
in moles 

E. m. f. 

in volts 
without 
membrane 

Time in 
minutes 

E. m. f. 
in volts 
with 

membrane 

Time in 
minutes 

A in volts 



0-0309 

1 

00269 

12 


10 

: 0*1 

0*0309 

40 

0-0269 

45 

— 0-0040 



0-0310 

151^ 

002S1 

16*^ 25“ 


0*3927 : 

: 0 03927 

0-0306 


0-0262 

0-0265 

3 

14h 

— 0-0044 

01 

: 0*01 

0-0335 

0-0335 

3 

60 

0-0326 

0-0326 

5 

63 

~ 0 0009 

0* 030 16 

: 0*01 

0-0178 

0-0178 

1 

20 

0-0190 
0-0 J 89 

6 

20 

f 0-0012 

0*05 

: 0-005 

0-0333 

0-0332 

7 

141. 

0-0348 

0-0348 

7 

31 

+ 0-0015 



0-0365 

6 

0-0523 

7 


0*005 

: 0-0005 



0-0523 

31 

-[ 0-0158 



0-0365 

27 

0-0520 

4 h 3 ()ri. 



If at the same ratio of conccntratioiiH (more correctly activiticvs) 
of the investigated solutions of sodium or barium chloride we divide 
the electromotive force of a concentration cell without transport, e. g. 
of the cell 

Ag, AgCl, NaCl(cj), Nallg^, NaCl{c^, AgCl. Ag, 
by the electromotive force of the cell with transport, we obtain the 
tiansport number of that ion with respect to which the electrodes 
employed are not reversible, in our instance thus the transport number 
of the cation. Of course, it is supposed thereby that within the limits 
of the compared concentrations this transport number changes only 
imperceptibly with concentration of the solution, which is true for 
sodium chloride solutions. Comparing in this way the electromotive 
force of the cells without transport with that of the cells with transport, 
once with, the other time without the membrane, wo ascertain the 
inhuence which the parchment membrane exerts on the transport 
number of the cation in the separate concentration intervals of the 
electrolytes considered. The electromotive forces of cells without 
transport and with solutions of sodium chloride have been measured 
by H. S. Harncd,^) who gives the following values: 

H. S. Harned: J, Amer. (Jhem. Soc., 1929, SI, 416. 
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m. moles E. rn. f. (volts) 

0-2 : 0 1 0-03247 

0- 5 : 0-1 0-07566 

1- 0 : 0-1 0-10057 

These values can be used for calculating the (Hittorf’s) transport 
numbers for the ion Na which are given in Table 111. The trans})ort 
numbers obtained by this method are valid, of course, for a mean 
concentration between those compared. The agreement with values 
of transj)ort numbers found by other methods is, of course, the better, 
the smaller is the difference of the concentrations on both electrodes. 
From the values found it must be concluded, that the presence of 
the membrane increases the transport number of the cation Na in 
solutions of sodium chloride at all concentrations (lowering thus the 
transport number of the anion 67'), this increase being the less pro- 
nounced, the more different are the electrode concentrations tlius 
(H)mpared. This is in ac(‘OT’d wdth our oj)ini()n that the Cl anions are 
adsorbed by th(‘. parchment membrane esj)ecially in very dilute solu- 
tions. In concentrated solutions of sodium chloride the presence of 
the })archment membrane does not change the transjKul of the ions 
of sodium chloride to any a])preciable degree, as if the membrane 
were not ])resent. At lower concentrations of this electrolyte, howen er, 
the adsorj)tion of the Cl anions becomes more and more pronouncetl, 
wherefore the transport number of the cation iVn' continually increases, 
this being in accord w ith our o})inion mentioTied earlier. 

Table III. 

Solutions of NaCl. 


h 

]. in. f. (ill 

volts) with 

transport 

Transport numbi'r of cal 

Katio of 

electrode 

Without 

With 

^^"ithout 

Witli 

concentrat i ons 

membrane 

membraru- 

membrant* 

mt'intiiane 

0-2 

0-1 

0-0124 

0-0142 

0-382 

0 437 

0-5 

0-1 

0-0288 

0-0315 

0-381 

0-416 

1-0 

0-1 

0-0417 

0-0443 

0-381 

0-404 

1-5 

0-1 

0-0496 

0-0517 

0-381 

0-397 

2-0 

0-1 

0-0557 

0-0577 

0-381 

0-395 

0-1 

0-01*) 

0-0433 

0-0596 

0-409 

0-563 


♦) The last line containes the results of nieasuremeriis made by A. J. All- 
mand and W. Pollack: J. Chem. Soc, 116, 1020 (1919). They found for the 
ratio of the electrode concentrations 0-1:0-01001 of the cell withotit liquid 
junction an e. m, f. of 0-1068 volts. 
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Analogous calculations of the transport number of the cation in 
solutions of barium chloride are based on measurements of concen- 
tration cells with and without transport made by W. W. Lucasse.®) 
Using his procedure and his graphical method we arrived at the values 
contained in Table IV, the first column of which gives the molarity 
m, the fifth one the transport numbers of the cation Ba* in absence 
of parchment membrane, and the sixth one those obtained in presence 
of this membrane. From comparison of both these last values it follows, 
that in the presence of the parchment membrane the transport number 
of the ion Ba* is increased in dilute solutions, whereas it is decreased 
in more concentrated solutions. It seems thus, that the behaviour of 
the parchment membrane in solutions of barium chloride is more 
complicated than could be exj3ected according to our above-mentioned 
conception. Because the transport number of the cation Ba' in pre- 
sence of a parchment membrane is continually decreasing with in- 
creasing concentration, it can be concluded, that the influence of 
adsorption of the CV anions diminishes continually, and it appears as 
if at higher concentrations the adsorption of the CV anions would be 
replaced by that of the cations Ba\ 


Table IV. 
Solutions of Ba Cl^*) 


Ratio of 
electrode 
concen- 
trations 

E. in. f . 
in volts 
(AV. W. 
Liicasse’s 
measure- 
ments) 

E.,m. f. 
in volts 

E. m. f. 
in volts 
With 

menibrane 

Transport 
number 
of cation 
(also 

Lucasso’s 

data) 

Transport 
number 
of cation. 
With 

membrane 

0-01 

0-0 

0-0 

0-0 

0-439 

0-507 

001923 

0-00927 

0-0094 

0-0 JOG 

0-432 

0-44i 

0-03815 

0-01852 

0-0186 

0-0192 

0-423 

0*372 

0-07977 

0-02804 

0-0288 

0-0282 

0-410 

0*358 

0-1791 

0-03941 

0-0394 

0-0366 

0-393 

0-293 


Moreover, when in measuring the electromotive force of the cells 
with barium chloride solutions we used an entirely new membrane, 
we observed that the electromotive force increased slowly during about 
one hour by 0*6 to 1 millivolt. Then this increase stopped, and when 
(after the electromotive force had reached a constant value) w^e ex- 

W. W. Lucasse: J, Amer. Chem, Soc,, 1925, 47, 743. 

*) The transport numbers contained in this table correspond approximately 
(in contradistinction to Table III) to concentrations given in the tot column. 
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changed the old solution for a new one of the same concentration, 
the electromotive force did not change any more. This phenomenon is 
undoubtedly connected with adsorption of barium chloride by the 
membrane, and has not been observed on solutirms of sodium chloride. 

Summary. 

The cation transport numbers in solutions of NaCl and BaCl^ resp. 
have been determined from the e. m. f. of concentration cells with 
liquid junction in presence of a parchment membrane and without it. 
It has been ascertained that the presence of this membrane increases 
the transport number of the cation Na at all concentrations of sodium 
chloride investigated, this increase l)eing the less pronounced the more 
different are the compared concentrations of the electrode solutions 
(see Table III). This can be understood under the supposition, that 
at higher concentrations the parchment membrane df>es not change 
in an appreciable measure the transport of sodium chloride, but that 
at lower concentrations an adsorption of the CV anion by the membrane 
comes more to the foreground. In dilute solutions of barium chloride 
the transport number of the cation Ba” is also increased in presence 
of the parchment membrane, being, on the contrary, decreased in more 
concentrated solutions, which seems to indicate that the adsorption 
of the CT ions at Icjwer concentrations is replaced at higher concen- 
trations by the adsorption of the Ba" ions. 

Institute of Theoretical and Physical Chemistry, 
C’eskd vysokd Skola technickd, Brno, 
Czechoslovakia. 



A SIMPLE METHOD FOK THE SPECTROSCOPIC 
CHARACTERIZATION OF ORGANIC DYESTUFFS AND OTHER 
COLOURED SUBSTANCES. 

By JAROSLAV CHLOUPKK. 

Many years ago, Professor J. Forma nek with his collaborators 
showed that a systematic absorption spectrum analysis using simple 
reagents can be an excellent guide for the colorist and every worker 
interested in dyestuffs J) He has also worked out a system of (lualita- 
tive anal5^sis of metals by using the characteristic changes in the 
absorption spectrum of alcannine in the presence of metallic salts.-*) 
His technique, although it is to be found in several handbooks, does 
not seem to have gained very many followers, probably because of 
the extensive personal exj)eriencc needed for the correct interpretaticHi 
of the results. The position of the maxima of the absorption bands is, 
in general, not too easy to measure with precision, as is best shown by 
serious discrepancies between the results of several workers even in 
a simple case.^) 

The extinction curves are by far more characteristic but the nocess- 
ar}^ procedure in obtaining them is very tedious and involves the use 
of costly aiiparatus and materials;**) excluding, furthermore, the 
direct visual observation of the curves. The present author believes to 
have solved this problem for technical purposes in a very simple way 
by appropriate use of the diff'usion of the molecules of coloured sub- 
stances in a non-absorbing solvent medium. The idea itself (found 
independently) is not new. Adinolfi^^) has photographed a solution 
diffusing slowly upwards from the solid absorbing substance to form 
a concentration gradient. 

His aim was to obtain an approximate idea of the course of the 
absorption curve before* taking the series of photographs necessary 
for the quantitative evaluation of the extinction. His procedure has 
obvious advantages in that it is not limited to the visual region only. 
But, on the other hand, this method is not rapid enough for routine 
work and the use of a solid substance (often very slowly soluble in the 
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cold) and of photographic recording presents several disadvantages. 
The direct visiuil procedure that forms the subject of this short note 
makes use of solutions of the substances in question previously prepar- 
ed by gently heating the appropriate amount of the coloured sub- 
stance in glycerol or (cheaper, and generally quite as good for this 
purpose) in concentrated sucrose solution. A little amount of this 
solution, when cold, is put in an ordinary absorption cell and a layer 
of water or of a dilute solution of reagents such as prescribed by 
Formanek (1. c. 1) is carefully added above it by means of a pipette 
with its outlet capillary curved upward. As we need a diffusion layer only 
some millimetres high (the height of the slit of an ordinary medium-size 
spectroscope being 5 — 10 mm), the diffusion proceeds rapidly enough 
to permit the observation to be carried out in about half an hour from 
the beginning of the experiment. The lines contouring the shadowed 
parts are much sharper than on a photograph and one can locate very 
easily the position of the maxima and minima. In order to characterize 
the relative height of these, if convenient, the present author makes use 
of an ordinary ^\'orkshop micrometer ■ placed directly before the slit 
so as to project the sharp image of its edges above and below the 
spectrum. The distances read on the divided drum head together with 
the breadth approximately found by the use of the divided shutters 
forming ordinarily part of the eyepiece can serve to make a well- 
proportioned sketch of the curves on a suitably ruled coordinate i)ai)er. 
When making exact determinations of the position of the absorption 
maxima and minima, the writer prefers another (shortly called 
“prism”) method of observation. Its principal feature consists in the 
use of a rectangular prism made of glass of lelatively low refractive 
index together with a ([uadrate absorf)tion cell. The prism takes the 
function of the Schulz’ body. The path of light before the slit is, of 
course, broken and the source must be accordingly inclined. The 
prism gives the necessary variation of the thickness of the absorbing 
solution and makes possible the visual observation of the whole of the 
absorption curves at one glance. The relative heights of the absorption 
maxima and minima can be recorded here with sufficient accuracy by 
means of the measuring device described above. 

Sometimes it is possible to make a permanent comparison sample 
by the former method in this manner: a strip of a photographic plate 
(undeveloped) freed from silver salts in the usual w^ay is suspended in 
the diffusing solution of the dye. After a short time (V 2 1 hour) it is 

w’ashed carefully and dried. These colour ‘Svedges” are sufficiently 


15 
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stable, as far as could be ascertained. In some cases, the use of appro- 
priate mordants suggests itself. 

The height of the prism is not limited by the height of the slit. One 
can conveniently use a simple projector to make possible the use 
of larger prisms if at hand. The writer has found the ordinary totally 
reflecting prisms of three centimeters side length quite useful. 

It is necessary to justify the use of the concentration gradients 
formed by the diffusion process. The extinction law requires an expo- 
nential decrease of concentration. For qualitative purposes, an appro- 
ximation is, of course, quite sufficient. The laws governing diffusion 
are complicated, especially when more than one diffusing substance 
is to be taken into consideration.®) Ricketts and Culbertson’) 
have tabulated the corresponding relations for some cases. The ex- 
pressions are very complex but for our case one can schematize them 
by writing: 

cjc B . c"*- ’*• • •• 

where JS, w, n, . . . stands for the respective expressions varying accord- 
ing to conditions. One can also see immediately the validity of the 
use of the diffusion gradients in our case. 

The curves observed are, of course, slightly deformed in the vertical 
direction due to the curved path of light in a solution of gradually 
changing refractive index. But this is without importance for the first 
method outlined here (in the “j)rism” method there is no curvature). 
The procedures described are not without their merit for teaching; e.g. 
one can demonstrate the beautiful absorption curve of purple iodine 
vapour by lotting it diffuse slowly up\\ ards in a gently heated vessel 
placed before the slit (the use of a projection screen is here indicated). 
Also, one can superpose an organic solvent immiscible with water on 
an aqueous solution of a coloured substance soluble also in this solvent 
and observe, after a certain time, Uw extinction curves, one above 
the other, that ma}^ show some characteristic differences due to the 
action of the solvent on the dye. Or again, one can expose a solution 
that colours itself by oxidation in contact with the atmosphere and 
see directly the absorption curve of the reaction product slowly formed. 
The present wTiter has published elsewhere®) an example of similar 
sort where a solution of potassium permanganate in 10 Af H^SO^ 
showed the extinction curve of (MnO^ in the course of a transforma- 
tion to quadrivalent manganese sulphate, the reaction starting at the 
meniscus and spreading slowly downward. 
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Summary. 

Two simple methods for the direct visual observation of the ab- 
sorption curves of coloured substances in solution are briefly described, 
one based on di^vsion from a glycerol or sucrose solution of the dye 
or similar medium of high concentration of the non-absorbing sub- 
stance, this diffusion forming the necessary exponential concentration 
gradient. The other method uses a cuvette with a prismatic glass body 
of relatively low refractive index. Some examples of the ai)plication 
of the method are given. 

Received, March 1933, 

Physicochemical Laboratory, 

Faculty of Chemicodechnological Eugineeri'ng 
of the Ceske vysoke uceni technic kd, Prague. 
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SUR LA CRISTALLISATION DU BENZONAPHTOL. 

(Recherches sur la cristallisation sous le microscope.) 

Par A. GLAZUNOV ot‘ K. SEFL. 

I. 

Travaux prtUiminaires concernant Tobservation de la 
cristallisation en couches minces. 

Chez la plupart des corps susceptibles d’une surfusion considerable 
il n’a pas 6te possible d’etudier la vitesse de cristallisation dans un 
intervalle de temperature un pen large, car outre Tesp^ce cristalline 
k etiidier il s’en forme une autre et a la limite d’une espece on en voit 
souvent naitre une nouvelle. 

Chez I’acide benzil-orthocarbonique on a reussi k suivre la vitesse 
de cristallisation jusqu’a I’intervalle de temperature de 140® a 60®. 
La masse fondue do ce corps devient trcs visqueuse k 60®, bien qu’il 
soit cassant comme le verre k 30®. De 135® a 55® les vitesses de cristal- 
lisation ont ete mesurees dans un tube en U de 0*2 mm de diametre 
interieur et d’une (^paisseur de 1 mm. 

Aux temperatures plus basses, F. Dreyer effectua la mesure de 
la vitesse de cristallisation pour une couche ayant environ 1 mm 
d’^paisseur et qui se trouvait entre deux lames. Au moyen d’un 
micrometre oculaire il mesurait la distance entre la limite de cristalli- 
sation et la lame couvre-objet. Par un traitement aj>proprie de la 
substance on y obtenait des centres de cristallisation et le produit sur- 
nageant le mercure etait maintenu pendant un certain temps k une 
temperature constante. 

Dans nos essais sur les corps en couches minces, nous employions 
des lames porte-objet sur lesquelles nous faisions fondre le corps ^tudi^ 
pour le comprimer ensuite, ce qui avait pour effet d’etendre la subs- 
tance en une fine couche ayant tout au plus quelques fractions de 
millimetre d’6paisseur. 

L’^chantillon ainsi prepare a ete observe, en lumifere transmise, au 
moyen d’un microscope de Leitz. L’image produite par le microscope 



223 


a 6t6 projet^ sur le verre d6poli d’une chambre obscure pour faciliter 
I’observation et obtenir des photographies. On observait en lumi^re 
ordinaire et en lumifere polarisee entre nicols crois^s. La mesure de 
la Vitesse de cristallisation etait fort commode; on Feffectuait sur le 
verre depoli au moyen d’un chronomfetre en se basant sur le gross! s- 
sement connu. 

Pour qu’il fftt possible d’observer la cristallisation des couches 
minces de substances a des temperatures de surfusion variables, allant 
jusqu’au point de fusion, il etait necessaire de chauffer la substance 



pendant un certain temps a une temperature constante. Afin d'obtenir 
un reglage facile de la temperature, nous avons construit une plate- 
forme chauffante qu’on met au-dessous de rechantillon etudie. Cost 
un petit four a resistance dont le centre presente une ouvertui^e par 
laquelle la lumiere, envoyee par le reflecteur ot reflechie par le petit 
miroir, arrive de dessous dans la substance et, de la, dans Fobjectif. 

La plate-forme a ete confectionnee en plS-tre, vu que les temperatures 
employees ne sont pas trop elevees. Pour que la surface sur laquelle 
repose la substance soit aussi plane que possible, le platre se trouve 
entoure d’une game en laiton, ce qui facilite le travail du plati'e d’une 
manifere considerable. 

La mesure des temperatures etait effectuee au moyen d'un pyro- 
metre. Le couple thermoeiectrique etait constitue par la paire cons- 
tantan-cuivre qui donne 25 m V a 500®. 
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Le couple thermoelectrique muni d’un tube en quartz fondu est plac6 
dans la plate-forme chauflfante. Les deux autres bouts dela pile thermo- 
electrique vont dans un compensateur de temperature a huile, oh ils 
sont relies a des fils de cuivre allant aux bornes d’un millivoltmetre. 

L’ecart indique par ce dernier permet, aprfes etalonnage de la plate- 
forme chauffante, de determiner la temperature de cette derniere. 

Le tableau I illustre la construction de notre tablette de chauffage. 

Les corps suivants, dont le point de fusion est emprunte aux tables 
de I^andolt, ont ete employes pour etalonner la plate-forme chauffante: 


Substan(H> 

Point 
(le fusion 

iScart du 
millivoltinetre 

nitrophonol ortho 

44-3® 

0-95 

nitraniline ortho 

71*5® 

2-30 

nitrophenol meta 

96® 

3-0() 

phenanthrene 

99® 

3-40 

benzonaphtol 

no® 

3-75 

nitraniline meta 

114® 

4- 10 

,, yiara 

147® 

5-20 


11 . 


Determination de la vitesse de cristallisation du bcnzo- 
naphtol X)our des surfusioiis variables. 


Le benzonaj)htol (naphtoljim benzoicnm) 




/\/ 


s'obtient par benzoylation du /5-naplitol node au moyen de chlorure 
de benzoyle. 

(/’est line i)oudre cristalline incolore, inodore, clifficilement soluble 
dans I’eau, aisernent soluble dans I’alcool et le chloroforme. 

Comme point de fusion on donne 110®, ce qui s’applique h, la forme I. 
En effet, au cours de nos recherches nous avons pu trouver xine forme 
II qui est metastable dans les limites de temperature allant de celle 
du laboratoire jusqu’au point de fusion de la substance. 

Le point de fusion de forme II est situe k 97®. C’est k 94® que 
la vitesse de transformation de la forme II en la forme I atteint son 
maximum (voir plus bas). 

Par une serie d ’observations et de mesures nous avons obtenu les 
resultats resumes dans la representation graphique suivante et qui 
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indique la vit^sse de cristaUisation de la fonne I du benzonaphtol en 
fonction de la surfusion, k partir du point de fusion, c’est-ii-dire de 1 10®. 



Fig. 2. 

Vitcsso do cristaUisation et nombro dos g(‘rmos on foncUon do la tomj)oraturo 

pour l(‘ )>onzoMaph1ol 1. 


LeH inesureH de la vitesse de cristaUisation se laissent traduirc par 
Ic tableau que \oici: 


visions 

tomporature 

vitosso do crista 1- 
lisation law /nun. 

3*55 

ior>« 

0- 132 

3-35 

100« 

0*810 

3ir> 

95« 

1-000 

2*9 

9()« 

1*430 

2-7 

85” 

1-632 

2-5 

80” 

1*992 

21 

710 

3*024 

1-9 

60” 

3*18 

M) 

59” 

3*318 

1-3 

52” 

3*36 

1*0 

45” 

3*36 


diagramme de la figure 2 donne la courbe de la vitesse do 
cristaUisation en fonction de la temperature pour ces valeurs et, eii 
meme temps, celle du nombre des centres de cristaUisation dont la 
determination sera decrite plus bas. 
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III. 


Determination de la vitesse lineaire de cristallisation du 
benzonaphtol 11 pour des surfusions variables. 

Le benzonaphtol IT presentant une vitesse de cristallisation beaucoup 
plus grande que la forme I, on a du operer avec un grossissement moins 
fort pour que les lectures sur le verre depoli soient commodes. Avant 
tout, nous avons determine le point de fusion de cette forme II; k cet 
effet, la temperature a ete reglee dans des limites aussi etroites que 
possible de maniere k obtenir pour la vitesse de cristallisation des 
valeurs 6gales zero. 

Le point de fusion du benzonaphtol II s’est plac6 dans le do- 
maine de temperatures eorrespondant a la division 3-2, ce qui est 
97® environ. 

A la temperature eorrespondant a 3*1 divisions, e’est-a-dire a 94® en- 
viron, la forme II se transforme tres rapidement et entierement en 
la forme I. 

A la division 2*9 on ne peut pas encore observer une croissance 
de la vitesse de cristallisation de la forme II pour un grossisse- 
ment 20 X . 

A la division 2*8, e’est-a-dire k 87® environ, on observe sur le verre 
depoli de la chambre photographique a un grossissement 20 x , que 
la croissance des cristaux dt la forme II avance de 2 cm. dans 179 se- 
condes environ, ce qui repond a une vitesse de cristallisation 


20 60 
20 ’ 179 


soit environ 0*336 mm/min. 


Les autres mesures ont ete effectuees respectivernent aux tempera- 
tures 85®, 80®, 76®, 69®, 52®, 45® et 39®. 

Lors du rabaissement ulterieur de la temperature la vitesse de cristal- 
lisation se maintient 14 mm/min. (moyenne), ce qui montre que pour 
ces temperatures elle a atteint un domaine independant de la tempe- 
rature. 

On ne saurait pousser.la surfusion plus loin, car les mesures sont 
alors rendues impossibles par suite de la formation d’un grand nombre 
de centres de cristallisation. La vitesse de cristallisation est si consi* 
derable que la substance ne met plus que quelques secondes pour se 
prendre entierement en cristaux. 




Tab. 






II 


cp 






3 
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Les valeurs observ^es pour la vitesse de cristallisation du benzo- 
naphtol sont rang^es dans le tableau suivant (II); 


divisions 

temperature 

vitesse de cristal- 
lisation mm/min. 

3-2 

970 

0-000 

2-8 

87® 

0-330 

2-7 

85« 

1-530 

2-5 

800 

2-850 

2-3 

700 

4-290 

20 

690 

0-540 

1-3 

520 

10-050 

10 

450 

12-000 

0-7 

390 

12-500 



Fig. 3. 

Courbe I. — vitesso de eriHtallisatioii <ie la forme il. 

Courbe II. ~ vitesse de cristallisation de la forme J. 

C'ourbe* III. = vitesse de transformation de la forme 11 en I. 

En portant ces valeurs dans le diagramnie de la viteKSse de cristallisa- 
tion en fonction de la temperature on obtient la courbe donnee dans 
la fig. 3 k cote de la courbe correspondante de la forme I et de la courbe 
representant la vitesse de transformation de ses formes (vitesse de 
transformation II — I). 

Si Ton compare les deux courbes illustrant la vitesse de cristallisa- 
tion des formes I et II en fonction de la tempc^rature, on observe quo 
celle de la forme m^tastable s'^leve a des valeurs beaucoup plus fortes 
que celle de la forme stable. 


16 
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Nous avons 6galement observe les changements que subit la prepa- 
ration renfermant Tune et Tautre formes si la temperature est succes- 
sivement eievee jusqu^au point de transition de la forme II en I. 

La figure 1 du tableau I montre un produit obtenu dans une masse 
fortement surfondue, oil Tune et I’autre formes se sont s^parees avec 
une vitesse de cristallisation assez considerable (la forme 11 ne pre- 
sente pas d’anneaux concentriques). La figure 2 du meme tableau nous 
montre le meme endroit apres chaulfage a 90*^. On y observe que la 
forme instable II commence a se desagreger, en nombreux points, dans la 
forme stable (I), alors que la fonne I reste intacte. A partir des bords des 
cristaux de la forme I la transformation de la forme II en I progresse 
avec une certaine vitesse que nous avons mesur^e plus tard et qui 
est ^gale k la vitesse de cristallisation de la forme I a la temperature 
de 90®. Si Ton porte la temperature k 106®, le passage de la forme 11 k 
la forme I s’accomplit si integralement qu’il ne reste aucune trace 
de la ligne de demarcation des deux formes. 

En outre, nous avons etudie Tinfluence de la trempe siir la formation 
et la transformation des deux formes. 

Afin de pouvoir constater quelle est la forme de benzonaphtol qui 
se forme en trempant le produit dans Teau courante, nous avons 
recuit le produit obtenu jusqu’a la temperature de transformation de 
la forme II. 

La figure 3 du tableau I montre un echantillon de benzonaphtol 
recuit a un grossissement de 67 x . 

Aprfes chauffage k 96®, on observe que la structure a complfetement 
change et qu'il ne reste plus aucune trace des agregats de cristaux et 
des centres de cristallisation. Cela d^montre que la forme 1 n’a pu etre 
presents pas meme dans la masse trempce, car elle aurait du rester 
inalt^ree et a partir des bords de ses cristaux on devrait voir progi^esser 
la transformation de la dite forme. 

La trempe (k 15® environ) ne fournit done que la forme II, 

La figure 4 du tableau I represente la forme I issue d’un seul centre 
de cristallisation k la temperature normale du laboratoire. 

Le produit a 6t6 brusquement refroidi par de Teau courante, ce qui 
a eu pour effet qu’^ partir des bords de la forme I la forme II com- 
men 9 a a se propager de toute une serie de centres nouvellement formes. 
A la temperature de trempe il se forme, dans tout le reste du produit, 
subitement un grand nombre de centres de cristallisation et les cristaux 
de la forme II qui en resultent finissent par remplir la surface restante* 
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La figure 1 du tableau II repr^sente la forme I du benzonaphtol 
k r^tat d’inolusion dans les cristaux de la forme II, dont la croissanoe 
a lieu k la temperature du laboratoire avec une vitesse beaucoup 
plus considerable. 

Lorsque le produit avait ete abandonne pendant quelques jours 
k oette temperature, on voyait se propager, k partir des bords de la 
forme d’inclusion, la nouvelle forme (stable). 

Cette transformation ne s’effectua que successivement et avec une 
vitesse extremement faible a partir des gerraes cristallins nes k la 
ligne de separation des cristaux de la forme 1. 

La figure 2 du tableau II montre des cristaux de la forme II issus 
d^un centre de cristallisation a la temperature du laboratoire. La 
croissance ulterieure de cet agr^gat de cristaux a ete arretee par la 
trempe dans Teau courante. 

IjCs cristaux qui se propagent a partir du centre cristallin pendant 
la trempe se sont accrus d’une toute petite longueur visible sous 
forme d'un anneau concentrique. La trempe fournit de nouveau une 
quantite enorme de germes cristaUins, et toute une serie de cristaux 
separes subitement remplissent compietement le reste de la surface 
liquide en deiimitant les cristaux croissant a 25® environ. 

Ce produit a et<? abandonne de nouveau, pendant quelques jours, ala 
temp^Tature du laboratoire. Pendant ce temps il s’est effectu6 une 
transformation des cristaux de la forme II en cristaux 1, ainsi que le 
montre la figure 3 du tableau III. 

On observe que la transformation des deux formes a eu lieu presque 
integralement dans le domaine ayant subi la tremi>e, tandis que les 
cristaux n^s a temperature plus elevee, c’est-a-dire k 25® environ, 
subissent cette transformation plus lentement. On pent en chercher 
la cause dans la stabilite differente des cristaux separes a des tempera- 
tures diffe^rentes ou dans le fait que la tension superficielle entre les 
cristaux plus menus formes dans la trempe est plus grande que celle 
des cristaux plus gros formes aux environs de 25®. 

Quant a la vitesse de transformation des deux formes, il en sera 
question plus bas. 

Tammann, en mentionnant la vitesse lin^aire de transformation de 
la forme instable en la stable d^signe cette vitesse par UG, Cette 
vitesse, de mSme que la vitesse de cristallisation {KG) a ete deter- 
min^e dans des tubes en U, Apres avoir prSpar6 les cristaux de ia 
forme instable il les a amorc4 par la forme stable, apres quoi il a 
observe leur vitesse de transformation. 


16 * 



280 


Ainsi qu’on peut s’y attendre, le domaine du maximum constant 
de la vitesse de transformation est beaucoup moindre que celui de la 
vitesse de cristallisation. Pour r^aliser cette comparaison Tammann 
s’adressa k la benzophenone I p. de f. 48*3® et a la benzoph^none 
III fusible It 25*2®. 

Dans nos recherches sur le ben7X)naphtol nous avons observe la vi- 
tesse de transformation de la forme II en la forme I vers 91®. La transi- 
tion a ^‘te suivie sur le verre depoli de la chambre noire pour un gros- 
sissement 67 x . 

En observant la ligne de demarcation des deux formes nous avons 
constate (ju’a la temperature mentionnee cette ligne a avance de 4 cc 
(en moyenne) dans 34 secondes (en moyenne), ce qui correspond i 

la vitesse de transformation a 91® 

67 34 

c'est-a-dire a environ 1 ww/min. 

Cette valeur est un pen plus faible que la vitesse de cristallisation 
du bcnzonaphtol I a la rneme temperature. 

Cette mesure a etc effectuee pour la tempe^rature limite a laquelle 
la forme II j)eut encore exister et oil la transformation se fait avec 
a vitesse maximum. Le rabaissement de la tem])erature a pour suite 
de diminuer la vitesse de transformation qui aux environs de 80® est 
d^ja si faible qu'on no saurait la mesurer de cette maniere. 

En consequence, il nous a ete impossible d’etablir la courbe UG en 
function de la temperature. Tant que la temperature de la substance 
n'atteignait pas 90® an moins, la transformation n’avait pas lieu. 
Mais alors elle s’accomplissait avec une telle rapidite qu'il n’a pas 
ete possible de ramener la temperature de la substance a un degr6 plus 
bas, d4ja mesurable, dans un intervalle de temps suffisamment court. 

Les rdsultats de ces observations figurent sur le diagramme n** 3. 

IV. 

DtHermination du nombre des centres de cristallisation 
chez le benzonaphtoJ I. 

Nous avons determine le nombre des centres de cristallisation du 
bcnzonaphtol d'apres la formule 

nombre des centres de cristallisation — A" . 1 // 

dans laquelle / designe la grosseur des grains, K une constante pour 
une temj)erature invariable. 
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Si Ton expose la substance k une temperature voisine du point de 
fusion (recuite), on observe un grossissement des cristaux et une 
diminution de leur nombre. Le corps tend a epouser la forme repon> 
dant au minimum d’energie libre, pour que I’entropie devienne maxi- 
mum. Le fait se manifesto par une absorption des petits cristaux au 
profit des gros. Cfela nous explique aussi pourquoi aux temperatures 
voisines du point d’equilibre il se forme des (cristaux de dimensions 
considerables. 

La question de savoir ce qu'est un centre de cristallisation, 
n'a pas ete eclaircie definitivement. De la notion de centre de cristal- 
lisation il faut distinguer nettement celle de germc de cristal.*) 

Si Ton observe des faisceaux de cristaux issus d’un seul centre de 
cristallisation, ces cristaux paraissent partir d’un seul point. Si, toute- 
fois, ce centre de cristallisation est soiimis a un examen soigne, on ne 
tarde pas a remarquer quo les chosea ne sont point si simples qu’elles 
sem blent etre a premiere vue. En effet. au centre de cristallisation on 
observe tout un enchevetrement de cristaux minuscules qu'on ne 
saurait resoudre pas meme a des grossissements considerables. 

Pour d6montrer malgre cela que les centres de cristallisation se 
composent d'un nombre assez tdeve de cristaux minuscules, nous avons 
photographic ceux du benzonaphtol (voir y)ar exem])Ie la figure 4 du 
tableau II). 

Les cristaux croissent unifornuunent dans tous les sens, c'est-a-cUre 
avec une vitesse egale. La courbe figurant a chaque moment Tallure 
du processus de cristallisation, formera un cercle, soit la projection 
d’un spheroide de I’espace a 3 dimensions dans Tespace a 2 dimensions. 
Le centre geometrique de cette sphere, on du cercle observe par nous, 
sera le centre de cristallisation. 

Du rapport entre le nombre des germes, la vitesse de cristallisation 
et la grosseur des cristaux, nous avons calculc les valeurs relatives 
des nombres des germes du benzona})htol en fonction de la tempe- 
rature. 

Si Ton porte les valeurs observ^es dans le diagramme nombre des 
germes en fonction de la temperature, on obtient, avec la courbe pour 
la vitesse de cristallisation, des resultats assez satisfaisants (courbe 

fig- 2). 

*) Voir: CollecMon 111, 1 et 2, Glazunov: On the nature of crystal- 

lization centre. 
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Voici le tableau: 



tomp6rature 

valeur relative 
du nombre 
des germes 

1) 

107« 

002 

2) 

920 

01 

3) 

700 

0*4 

4) 

650 

0-6 

5) 

550 

1*1 

6) 

450 

1*7 

7) 

350 

2*5 

«) 

25“ 

4*0 

9) 

150 

10*0 

10) 

10“ 

Conclusions. 

17*0 


De tout ce qui a ete dit plus haut il ressort que notre methode 
pour mesurer la vitesse de cristallisation et le nombre des centres de 
cristallisation, eventuellement la vitesse de transformation, donned’ex- 
cellents resultats et que, la difference des proc6d4s oil les mesures 
sont op^rdes en tubes, elle permet d ’observer le processus de mani^i-e 
directe, et cela a des grossissements considerables. 

La petitesse du poids de la matiere mise en oeuvre (quelques niilli* 
grammes) rend possible d’eiiminer I’influence de Tambiant, de sortc 
que le processus s’accomplit effectivement a la temperature indiquee 
par le pyromfetre. 

La methode que nous avons employee dans notre etude, est celle 
dont on se sert ordinairement dans le travail des metaux, c’est-a«dire 
la recuite et la trempe. Ainsi qu’on le voit dans nos figures, elle nous 
a donne de tr^s bons resultats. De meme que dans I’etude des syst^mes 
metalliques, la temperature de transformation d’une forme dans Tautre 
a pu etre determinee d’apres la temperature de la plate-forme chauf- 
fante. 

Dans notre methode, la transformation se laisse observer de fa^on 
directe encore au microscope, aussitot que la temperature de la plate- 
forme s’abaisse au-dessous du point de transition. 


Imiitut de M4tallurgie thiarique 
A la Haute Ecole des mines de PHbram 
( Tchdcoslovaquie ) . 



SUE UNE PROPRifiTfi INCONNUE DES COMPOSES DE CERTAINS 

Elements chimiques 

par J. STERBA-BOHM ot Mile A. DORABIALSKA. 

An cours des recherches sur les effete thermiques anomaux de quel- 
ques min4raux radioactifs.M Tun de nous a constate que les composes de 
Tyttrium et du lanthane se comportent dans le microcalorimetre 
adiabatique oomme s’ils pr^sentaient une source continue d’energie ther- 
mique de I’ordre 10-® cal. par heure et gramme de substance. Pour 
^tudier ce phenomene, il fallait reprendre les experiences avec des 
composes spectroscopiquement purs afin d’eiiminer la suggestion que 
I’effet observe peut etre cause par la presence de certaines impuretes. 
Dans nos experiences nous avons employe des composes completement 
exempts de matieres radioactives dans le but d’eiiminer toute influence 
secondaire pouvant produire le moindre effet calorique, qui ne s’oxy- 
dent pas Pair et ne perdent pas d’eau ni n’attirent I’humidite. En 
outre, il a fallu decider si oette propriete inconnue appartient unique- 
raent k I’yttrium et au lanthane ou si elle est plus generale. 

Pour resoudro cette question, nous avons effectue une serie de mesurcs 
microcalorimetriques d’orientation, en choisissant comme objet d’etude, 
k c6te des composes d’yttrium et de lanthane, des substances con- 
tenant des elements chimiques appartenant k differents groupes du 
systeme periodique. La technique experimentale etait la meme que 
dans les travaux precedents de I’un de nous dans ce domaine,®) c’est 

dire nous nous sommes servi du microcalorirndtre adiabatique 
oonstruitpar M. W. Swiqtosiawski et Mile A. Dorabialska.®) 

Les mesures microcalorimetriques ont ete eflfectuees suivant la techni- 
que experimentale eiaboree par I’un de nous*) pour les substances, 
faiblement radioactives. On suspendait la substance, sous forme d’une- 

>) A. Dorabialska: Rocmtifct Chem., 12, 416 (1032). 

*) A.Dorabial8ka:JSo(»»iifctCfccTO., 0,494 (1929); JBmU. Acad. RoZ.. 1929,487. 

•) W. Swietoataweki et A. Dorabialska: Comptes rendua 186, 763 (1927); 
jRoezniki Ohem. 7, 560 (1927). 

*) A. Dorabialska: loo. oit. ’ 
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pastille de quelques grammes, au couvercle du microcalorimfetre k la 
7 '>lace du calorimfetre int^rieur. A rint^rieur de la substance on pla^ait 
Tune des soudures d’un couple thermo-61ectrique de constantane et de 
ouivre, Tautre soudure 6tait fixee dans Tenveloppe m^tallique de 
Tappareil. Le couple thermo-electrique ^tait lie au galvanometre au 
moyen du conducteur en cuivre. Confonnement a la m^thode de travail 
avec le microcalorimetre adiabatique la temperature de Tenveloppe 
exterieure est maintenue constante pendant longtemps. Dans le cas 
d’une substance inactive au point de vue thermique on observe apres 
quelque temps une egalite de temperatures des deux soudures, le galva- 
nometre etant stabilise au zero, (^ependant, lorsque, k temperature 
exterieure constante, le galvanomHre montre une deviation croissante, 
on suppose quo la temperature de la pastille augmente et on chauffe 
Tenveloppe exterieure pour ramener le galvanometre au z^ro. Au cours 
de Texp^rience on mesure la vitesse avee laquelle on chauffe Tenveloppe 
exterieure pour maintenir le galvanometre au zero. Tette vitesse, 
exprimde en degr^s par heure {A f), doit exprimer Taccroissement de 
temperature de la substance etudi^e quand elle s’^chauffe d'ellc-m6me. 

Nos recherches ^tant surtout des rechorehes d’orientation, nous 
avons born6 nos experiences aux conditions de travail dans lesquelles 
on peut observer la difference entre les propriet^s des composes d’yttrium 
et de lanthane et celles d’autres substances: nous avons done cherch^ 
des Elements chimiques dont les composes se comportassent dans le 
microcalorimetre adiabatique d’une raaniere quantitativement compa- 
rable a ceux de Tyttrium et du lanthane. C'est pourquoi nos (Etudes ne 
comprennent pas d’effets de Tordre du d^bit de chaleur de substances 
radioactives faibles, d’autant moins tels que de rubidium ou de potas- 
sium. Au point de vue pratique, nous nous sommes born6 k mesurer les 
accroissements de la temperature du systeme microealorimetrique 
sup6rieurs k 0-001 ® par heure. 

Les resultats numeriques des mesures effectuees dans le microcalori- 
metre adiabatique sont donnas dans le tableau ci-joint oil Ton trouve 
la formule chimique du compost etudie et Taecroissement de tempera- 
ture du systfeme par heure (At), mesur^ dans les conditions exp^rimen- 
tales signalfes plus haut. 

Ces resultats ne sont pas exprimes en calories, parce que nous ne 
oonnaissons pas encore en quoi consiste le phenomfene. En effet, il 
est difficile de donner une expression num6rique au ph^nomtee, quand 
on ne peut pas verifier si, dans les conditions de Texp^rience, on me- 
sure un processus purement thermique ou si, peut-fetre, on observe 



235 


Teffet ext^rieur d’une somme de plusieurs processus li6s ensemble, de 
caractfere different. C’est pourquoi nous ne voyons dans les nombres 
obtenus qu’une expression num^rique d’un processus energetique. Pour 
Torientation, cela doit suffir en attendant. 

Tableau I. 


Mesures microcalorim^triques d’une s^rie de substancjes pures. 


Substeuico 

At 

Substance 

A t 

Sc./)^ 

0*0501 

Tap, 

0*0023 

8c{HC00)^ 

0*0167 

Ca.J>p, 

0*000 


0*0212 


0*0052 

. 10 H^O 

0*0122 

8bp, 

0*0072 

CeO^ 

0*000 

Bip, 

0*0060 

Pr/), 

0*0239 

Vo(NU,), Cl (\ 

0*000 

NdjPs 

0*000 

BeO 

0*000 


0-000 

Aip, 

0*000 

Gd^(CiOi)^ . 10 //jO 

OOOO 

TiO^ 

0*000 

Yh/), 

0*000 

CsCl 

0*000 

NH^VO^ 

0*000 

TlpO, 

0*000 

Nhfi, 

0*0191 




Par les valeurs inserees au tableau on constate que 10 composes 
chimiques, des 23 etudies, se comx>ortent dans le microcaloriraetre 
adiabatique comme s’ils j^resentaient une source continue de chaleur: 
en presence d’un couple thermo-clectrique de constantane et de cuivre, 
ils provoquent une deviation du galvanometre compensc par I’accrois- 
sement de temperature du systeme indique dans le tableau. Dans les 
conditions de Texp^rience les 13 composes restants ne montrent pas 
cette proj^ri^te. 

II n’est pas sans int^ret de rassembler les resultats obtenus au point 
de vue des divers Elements chimiques contenus dans les composes 
etudies. Rangeons les Elements contenus dans nos substances dans 
’ordre des poids atomiques croissants, en indiquant cote du sym- 
bole chimique les nombres atomiques et la proportion, oxprim<Se en 
pourcent, par laquelle ces ^l^ments se trouvent repr^sent^s dans la 
lithosphere.^) Les elements soulign^s montrent la propriety energetique 
en question. On obtient le tableau suivant: 

*) D’apr^s Vernadskij: ^^Easai de giochimie"\ 

17 * 
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IH ^Be eC IN BO 

1—10% 10-3— 10-a 10-1 — 103 10-*— 10-1 10 

13 15 P 11 Cl 20 Ca 21 Sc 

1 — 10 10-1— lO® 10-1— loo 1 _ 10 10-1— 10-4 

22 Ti 23 F 27 Co 33 As 39 Y 

10-1 — 103 10 - 2 — 10 -^ 10 - 3 — 10-2 10 “- 6 — 10 -« 10 - 3 — 10-2 

41JV6 61 S6 55 Cs 57 La 5BCe 

10-3—10-4 10-3—10-4 10-4—10-3 l0-3_10-4 10~2_10~1 

69 Pr 60 Nd 62 Sm 64 Gd 70 Yb 

10-3—10-4 10-5—10-4 10-’— 10-3 10-3 10-~8 

73 Ta 81 Tl 83 Bi 

10-4—10-3 10“fi— 10-3 10-4—10-3 

On voit par ce tableau que la propri6t^ 6tudiee par nous senible 
appartenir principalement aux Elements nombres atomiques impairs 
et qui se rencontrent en faible proportion dans la lithosphere. En gd- 
ndral, Tensemble de nos experiences parait confirmer la supposition faite 
de]k par Tun de nous^) que dans les conditions des mesures microcalori- 
mdtriques on observe une propridte atomique qui peut ddpendre de la 
desintegration de I’dlement. Le fait que la propriety en question parait 
appartenir surtout aux elements a nombres atomiques impairs pose le 
probleme de la possibilite d’une desintegration protonique. La desintd- 
gration protonique du noyau atomique se fait sans effets de rayonne- 
ment, mais avec effet calorique. On ne saurait expliquer ce phenomdne 
que de la maniere suivante: Le proton contenu dans le noyau le quitte 
volontairement; il s’unit a un electron de la sjihere exterieure, forme 
de I’bydrogdne et, en meme temps, un isotope do Tdldment qui le prdcede 
dans le systeme pdriodique. 

Exemple: 

^^45 ^ Y g9 67*89, Ldisd ^ ^ ^^4' 

^^121 * 66123 ^ ^ -^^ 208 » ^ ^^140 > 

Rdsumd. 

En connexion avec les travaux de Tun des auteurs,*) on a effectud 
de nouvelles recherches sur une propridtd inconnue de certains dldments 

A. Dorabialska: Roczniki Chem,^ 12, 416 (1932). 

*) A. Dorabialska: loc. cit. 
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chimiques. Cette propri4t6 consist© en ce que les composes de ces 
614ments chimiques nombre atomique impair se comportent dans le 
microcalorimetre adiabatique comme s’ils pr^sentaient une source 
continue de chaleur. 

Au moyen du microcalorimetre adiabatique on a etudie les sub- 
stances suivantes chimiquement pures: 8c{HCOO)^, Y/h' 

LckiCiOt)^. 10 H/), CeOi, Prfi^, Nd/)^, Sm/)^, (idi(C\O^\.\0Hp, Yh/)^, 
NH^VO,, Nbp„ Tap,, Ca,Pp„ Aafi,, Sbp,, Bifi,, CO{NH,),Cl .C%, 
BeO, Aip,, TiO,, CsGl et TipO,. IjCS experiences effectuees ont 
montre que les composes de 8c, Y, La, Pr, Nb, Ta, As, 8b et Bi pre- 
sentent la propriety energetique etudiee, tandis qu’on a rien observe 
chez les autres composes. Tons ces elements actifs sont caractcrises par 
leurs nombres atomiques impairs et se rencontrent en faible proportion 
dans la lithosphere, ce qui suggere rid6e que la projuiete etudiee 
est en connexion avec la desintegration atomique des elements. 

Le fait n’a pu etre constate que chez quelques elements a nombre 
atomique impair, comme p. ex. chez Al, P, V, Co, Cs, Tl. On pourrait 
I’expliquer par une dcsagregation thermique (thermoactivite) minimale, 
dont I’effet calorique n’a pu etre mesure jixsqu’ici. L’un de nous 
(Mile Dorabialska) continue k etudier cette interessante question. 

Institut de. Chimie pkarmaceutique et apjMquee 
de VV niversild Gharhs a Prague 
( Tchdcoslovaquie ) . 



POtAROGRAPHIC STUDIES WITH THE DROPPING MERCURY 
KATHODE. — PART XXXIH. — THE MICRODETERMINATION 
OF CYSTEINE AND CYSTINE IN THE HYDROLYSATES OP 
PROTEINS, AND THE COURSE OF THE PROTEIN DECOMPOSITION 

by R. BRDICKA. 

The results of an investigation of the catalytic hydrogen deposition 
at the dropping mercury kathode from solutions of thio-acids or their 
disulphidic forms in cobaltous chloride solution containing a buffer 
mixture of ammonium chloride and ammonia were described in a 
preceding paper.^) It could be expected that the reaction mechanism 
of this catalysis, which was ascribed to the presence of the complexes 
between thio-acids and the cobaltous ion, would be analogous also 
in the case of proteins, which show similar effects under similar 
conditions.®) 

According to this supposition the polarographic effect produced 
by proteins in the presence of cobaltous ion is due to the sulphydryl 
group contained in the protein molecule. The sulphydryl group may 
act either primarily or in the disulphidic form which is electroreduced 
at the dropping kathode. The latter possibility is more probable although 
the observed polarographic effect does not allow to distinguish between 
the individual effects of the sulphydryl and the disulphide groups. 

The binding of the cystine nucleus in the polypeptide molecule, or in 
another more complex structure, can cause certain deviations in the 
shape of the polarographic curve which fact can be employed for 
differentiating between the catalytic effects of a protein and that of 
a simple thio-acid. Thus in the presence of proteins the catalytic 
reduction of hydrogen proceeds at a jwtential which is by about 0'2 w 
more positive than in the case of cysteine. The polarographic curve in 
the presence of proteins exjiibits two characteristic reduction stages. 
Further, the proteins also produce a polarographic effect in thepresenec 
of cobaltammine,®) whereas thio-acids do not under these conditions 
promote the catalysis of hydrogen deposition. 

The influence of the peptide group on the values of the dissociation 
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constants of amino-acids is known to be of considerable magnitude; 
therefore it can be expected that the neighbourhood of proteinic groups 
may also modify the behaviour of the disulphidic, reap, sulphydryl 
groups in the protein. 

Besides cystine the protein molecules can contain also another 
sulphur constituent named methionine which was discovered in 1921 
by Mueller.^) By employing a method suggested by Poliak and 
Spitzer^) modified^) for the estimation of methionine in i)roteins 
Baernstein®) succeeded in determining the distribution of organic 
sulphur of proteins among cystine, cysteine and methionine. 

The quantitative agreement of the total sulphur content in protein 
with the sum found in the named constituents may be taken as a 
proof that practically no other decomposition products containing 
sulphur are formed on the acid hydrolysis of ])roteins. The amount of 
sulphur corresponding to methionine in proteins can vary between 
26 and 90 j)er cent of the total sulphur content.®) On the other hand 
Rimington’^^O ^^^^d Barrit and RimingtoiP^^ have shown that 
in keratins almost all the sulphur is bound in the cystine nucleus so 
that e. g. wool contains at most 0*5 of methionine, i. e only about 
3 per cent of the total sulphur^®) and this amount lies within the limits 
of experimental error of the colorimetric Folin -M aren method 

for its determination. 

In our case ver}7 small traces of cystine or cysteine in presence of 
bufiPered solutions of cobaltous chloride catalyse the hydrogen depo- 
sition enormously. 7'‘his effect is sf)ecific only for thio-acids, the other 
amino-acids having no influence in this respect. Therefore, the polaro- 
graphic effect can be employed for the determination of cystine and 
cysteine in protein hydrolysates. The present author has shown that 
the height of the wave of the catalytic hydrogen deposition is a func- 
tion of the concentration of cystine resp. cysteine, which can be repre- 
sented graphically by a curve. 

The curve derived from standard solutions of known concentrations 
of cystine or cysteine may serve for the determination of their concen- 
tration in protein hydrolysates. It has to be remembered that cystine 
gives the same catalytic wave as a twofold amount of cysteine. There- 
fore the calibration curve permits us to determine only the sum of 
these compounds expressed either as cysteine or as cystine. 

The solutions which suit best for such determinations should contain 
from 5 X 10^® to 10*“^ molar concentration of cystine. If 10 ccs of 
such a solution are used for electrolysis the quantity of cystine which 
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can be determined in this way, would be 0*012 — 0*24 mg. Our method 
is thus a micro-analytical one. Solutions with higher contents of cystine 
cannot be analysed with precision because at high concentrations 
the variation of the wave height with increasing concentration is too 
small to be discerned accurately. On the other hand, the solutions 
having a cystine content below the lowest limit stated above can 
show irregularities in the analytical results owing to adsorption on 
the walls of the glass vessels containing the solution under analysis. 

Experimental part. 

The experimental arrangement employed was the same as reported 
in two preceding communications by the author. 

First of all the author has investigated whether the determination 
of cystine in acid hydrolysates is influenced by the presence of other 
decomposition products of proteins. Keratins were chosen for this 
investigation because of their high (‘ontent of cystine, and further 
because they contain only a negligible amount of methionine the 
behaviour of which was not known. 

The acid hydrolysis was carried out exactly as in the usual colori- 
metric determination^^“~^2) of cystine by the Folin-Marenzi method. 
About 0*5 gr of the wool yarn was boiled for 6 hours in 100 ecs of distilled 
hydrochloric acid in a flask fitted with a reflux condenser. 0*1 ccs of 
this hydrolysate was added to 2 ccs of made alkaline by 

2 CCS of 1 n and the mixture made up to 10 ccs with water. The 

resulting solution had approximately the composition required for 
a polarographic cystine test. The curves obtained with this solution 
showed the characteristic wave having a rounded maximum of the 
current; the curve had precisely the same appearance as was found 
with solutions of cystine. 

When the hydrolyris was carried out for a shorter time than stated 
above, the corresponding wave did not exhibit the maximum of the 
current, and the current increase was accompanied with irregularities 
due probably to the presence of minute j)articles of colloidal products 
of the imperfectly decomposed tissue. It was evident also that the 
shape of the curve was due to the combined action of protein and 
cystine. 

In order to resolve these effects the incompletely hydrolysed solu- 
tion was added, under the same conditions as before, to a solution 
of cobaltammine, which is indifferent towards cystine. In this way 
a perfect curve was obtained which characterises proteins only*) and 
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thus the influence of cystine was entirely eliminated. It is interesting 
to note thafsuch hydrolysates respond^ also to the known polarographic 
protein test with ammonium chloride solution alone. i®) (See fig. 1.) 

The protein wave with solutions of cobaltammine and ammonium 
chloride decreased on further hydrolysis whereas the wave obtained 
with solutions of cobaltous chloride showed the prevalent influence 
of cystine, until, after the completion of hydrolysis, the curve with 



100 V dilute' sam])lc of 0-3 g wool boiled with 50 ccni 5 n HCU electrolysed in 
1. 2 X 10-» n Cc>C\ m 10-» n NH, Cl in lO-^ n 
II. 3 X 1(» V Co{NH^U Ch in lO-i n m 10-^ 

111. 10~i n NH^Cl in lO-i n NH,, 

the latter solution attained the normal shape characteristic of cystine. 
Thus, these preliminary experiments have shown that the course of 
the acid hydrolysis can be followed quickly and easily, and the end 
point of the hydrolysis can be well ascertained. The more detailed 
study of the kinetics of this reaction is given below. 

In a similar (qualitative) manner as for sheep's wool, cystine was 
detected in the hydrolysates of the following substances: human hair, 
serum and its fractions, blood-albumin, beef, sheep s brains, rye flour, 
egg-albumin, pituitary and thyroid hormones and other proteinic 
substances. The curves have been always very well reproducible so 
that the method is suitable even for the quantitative determination 
of cystine. 

Gelatine and the purest silk did not show the polarographic catalytic 
effect either during the hydrolysis or after its completion. It is known 
that just these proteins do not contain cystine, and this fact is especial- 
ly important because it corroborates our statement that the polaro- 
graphic effect of the protein is due to the presence of the cystine nucleus . 



The experiments to establish the conditions for the quantitative 
determination of cystine were first carried out with keratins, these 
substances being the most suitable ones as explained above. 0-026 — 
0*1 gr of pure wool yarn was hydrolysed with 10 — 25 cca oi 6 n hydro- 
chloric acid (18*23%). The solution was boiled in an Erlenmeyer’s 
flask of 50 CCS capacity which was provided with a ground glass stopper 
connected with a reflux condenser. The regularity of boiling was in- 
sured by means of several capillaries of the shape proposed by Markov- 
nikoff put in the flask. After boiling for about 6 hours the hydrolysate 
was made up to 100 cc>8 with distilled water, filtered, and the normality 
of hydrochloric acid determined by titration. Then the solutions were 
prepared for polarographic analysis in such a manner as to obtain the 
following concentrations of the individual constituents: 10—® n or 
2 X 10—® n C 0 CI 2 in 0-1 n NHjOl in 0*1 w 

For such solutions the calibration curves were determined for known 
contents of cystine varying over wide limits. As a standard a solution 
of 10—® m cystine in 1 n ammonia was used. 0*4 ccs of this solution 
was mixed with 4 (2) ccs of 10— ® n CoCl^ + 2 ccs ol I n NH^Cl + 
1*6 cc« of 1 n iV/ig + 12 (14) cct? of water. The resulting solution was 
then added successively in portions of 0*5 cc to a solution having 
the same concentration of ammonia, ammonium chloride and cobalt- 
ous chloride (but without cystine) and the polarographic curve recorded 
after each addition. 

From a large number of such determinations the curves shown 
in Fig. 2 were constructed. The height of the catalytic wave was read, 
as described in the previous paper, ^) from the diffusion current of 
cobalt deposition to the minimum of current which follows the maxi- 
mum. It has to be noted that the height of the catalytic wave decreases 
somewhat with time, which, in the author’s opinion, is due to the slow 
formation of cobaltammine. Therefore, it was necessary to electrolyse 
the solutions only when freshly prepared, at most 15 minutes after 
the mixture was made. In this case the oxidation of cobaltous ions can 
be neglected. Other precautions usual in polarographic work have 
also to be carefully observed: thus, the rate of dropping of the mercury 
must be kept always the same (in our case it was 1 drop per 3-5 sec.) 
and the same capillary must be employed for which the calibration 
curve has been obtained. 

The experimental error of an individual determination can amount 
to ± 5 per cent of the cystine content. If, however, the fact is taken 
into account, that the total amount of cystine which can be determined 
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by this micro-analytical method does not exceed 0*24 mg, the accuracy 
attained may be regarded as sufficient. Moreover, this accuracy can 
be greatly increased, because there is the easy possibility of repeating 
the electrolysis several times or recording the curves with several 
dilutions of the hydrolysate. Since the deviations of individual mea- 
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Fig. 2. 

C’alibration curveH obtained by means of a stundard solution of cystine for deter- 
mination of cystine -content in hydrolysates of proteins. 

surements from the average are of accidental nature, the average 
value must possess much higher accuracy than that stated above 
for an individual determination. 

By way of illustration the following example may be described in 
detail: 0*()343 g of wool yarn was boiled with 10 ccs of 5 n HCl for 
6 hours. On completion of hydrolysis the solution was made up to 
100 CC8 with water, filtered and titrated with ammonia solution which 
was also used in the preparation of solutions for electrolysis. Ihe 
normality of hydrochloric acid was 0*45 n HCL From the hydrolysate 
four solutions were prepared in the following sequence. 

1) 1 cc of 10"“^ n C 0 CI 2 + b t)f water + 0*55 cc of 1 NH^C I 
+ 1*45 CC8 of 1 n NH 2 + 1 cc of the hydrolysate 

2) 1 cc of 10"~2 n C 0 CI 2 + 6 CCS of water + ^*1 of 1 n NH^Cl 
+ 1*90 CC5 of 1 n NH^ +2 ccs of the hydrolysate 




3) 2 CCS of 1()—® n C 0 CI 2 + 5 ccs of water + 0*55 cc oi I n NHjDl 
+ 1*45 CCS of 1 w NH 2 + 1 cc of the hydrolysate 

4) 2 CCS of n CoCl^ + ^ water + 1^*1 cc of 1 n NHjOl 

+ 1*9 CC5 1 w NH^ 4 2 CCS of the hydrolysate. 

Thus, in solutions 1) and 3) the initial hydrolysate was diluted 
100 times, in solutions 2) and 4) — 50 times. It was found advisable 
to prepare two portions of each solution for checking purposes. After 
the electrolysis the concentration of cystine in solutions 1) and 2) 
was read on the calibration curve I and correspondingly in solutions 
3) and 4) on curve II. (See fig. 2.) The concentrations of cystine found 
in solutions 1) and 3) should be equal; the same holds for solutions 
2) and 4). The cystine content in the latter solutions should be twice 
as large as in solutions 1) and 3). 



50 X dilute solution of 1 0-0342 gnw of hum. hair ^,16^ 0-00075 g7n8 of hum. 

hair A (in 1 cc), 2) 0-0341 gm>8 of hum. hair 3) 0-0377 gms of wool, 4) 0-0031 gnia 
of glutathione, 5) 0-1029 gnis of blood-albumin, 6) 0-0597 gnis of ogg-alburain 
hydrolysed with 10 ccs of 5 n HCl, electrolysed in 2 x 1 0—* n C 0 CI 2 in 1 

The average of the 8 determinations gives the percentage of cystine 
in the wool as 9*56%, the extreme values being 10*07 and 9*18%. 

In the same manner cystine was determined in human hair of 
different colour and softness. The individual differences in cystine 
content which could be established with certainty could be brought 
in connection with the degree of softness of the hair, rather than with 
its colour. The coarse and firm hairs have lower content of cystine 
than the soft and fine ones. Some results of this investigation are 
given in table I, and Fig. 3. 
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It was evident that a much smaller amount of the protein substance 
could be taken for polarographic analysis than stated above. In this 
case it was only necessary to carry out the hydrolysis in a smaller 
volume of the acid. Thus, for such a microanalysis it was sufficient to 
take 0*5 — 0*7 mg of a hair (which corresponds to a single hair of a 
length of 6 — 8 cm) (Fig. 3, curve 1 6) and to hydrolyse it with 1 com 
of 5 n HCl for 6 hours in a test tube of 10 cca cay)acity. 

This test tube has to be connected through a ground glass joint with 
a reflux condenser. After the completion of hydrolysis the solution is 
made up to 10 ccs with water, the hydrochloric acid titrated, and solu- 
tions 2 (and 4) (see above) are prepared. Because the resulting solutions 
contain cystine in the same order of concentration as when using larger 
amounts of protein substance, the same calibration curves may be 
employed for the determination of cystine as before. The errors in 
determination of cystine in such minute amounts of proteins are 
not much larger ( i 7 % of the total amount of cystine); this, however, 
is not due to the polarographic method, but to the operations accom- 
panying each microanalysis: thus, already in weighing one can commit 
an error exceeding 5 per cent. 

To find out if cystine is sufficiently stable in a boiling solution of 
hydrochloric acid the following control experiment was carried out. 
10 CCS of 5 X lO”"^ m cystine solution in 5 n HCl was boiled for 0 hours. 
The polarographic analysis showed that the content of cystine after 
this treatment agreed perfectly well with the amount initially present. 

In the preceding work^) it was noted that cysteyl -glycine, obtained 
on the hydrolysis of glutathione, gives considerably higher catalytic 
waves than cystine. It seemed to be interesting to determine whether 
cystine obtained by hydrolysis of glutathione would also give higher 
results. The experiments have shown that, in effect, the results were 
higher than the theoretical value. (Calcul. 39*23^/o, found 54**/o.) This 
fact cannot be explained by the presence of cystine in glutathione, and 
therefore the problem must be left unsolved. 

Since the analyses of cystine in keratins have given reproducible 
results, w^hich, on the whole, agreed well with the values quoted in 
literature, an attempt was made to apply the wsame method for the 
determination of cystine in other proteins. The procedure described 
above was found to be satisfactory also in this case. 

The results have shown that methionine — which was not available 
to the author — could not have an im{)ortant influence on the catalytic 
effect of cystine. Thus, for example, the content of cystine in ,, Albumin 



aus Ef* and ,, Albumin aus Blut‘‘ (Dr. Praenkel and Dr. Landau) agreed 
well with the literature data. See Table I. 


Table I. 


substance analysed 

®/o of cystine 
mean value 

results obtained by other authors 

12-6 (Welsh mountain wool) 

9*57 (Welsh mountain birth-coat) ) 

wool (purest yam) 

9-0 { 


\ 

7*3 keratin from sheep -wooP’) 

human hair A 

17*6 


(brown) 



human hair B 

17*8 


(blond, soft) 


13*92 (minimal value )‘®) 

human hair C 

17-0 


(white, childnn’s) 


14*53 (brown hair)^*) 

human hair I) 

16-6 


(blond, coarse) 


11*55 (white hair)*®) 

human hair E 

141 


(red, very coarse) 


2*06— 2*27*«) 

Albumin aus Blut 

20 

2-3*^) 

2*52®) 

Albumin aus Ei 

20 

2*3l«) 

2*27®) 

human serum 

0-23 


•serum -proteins 

2*9 


serum-albumins 

3-4 

2*5— 4*23*) 

2*27'®) 

serum -globulins 

1-0 

1*2— 2 8*) 

1*5P®) 

human crystalline Ions 

1-5— 0-8**) 



Gawalowski and Gosman*®) and Gawalowski *4) have found 
that under certain conditions the sum of the polarographic waves 
appearing with solutions of albumins and globulins in ammonium 
ehloride was equal to the effect produced by an unfractionated 
solution of protein. In the author’s opinion these polarographic waves 
are due to the presence of the cystine nucleus in the substances 

♦) 0. Hammarsten: Lehrbuch der physiologischen Chemie, 1920, p. 83. 

**) This value was found by B. G os man and J. Franta”) which detennined 
the amount of cystine by the author’s method in dependence on cataract. 
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concerned and therefore the' following experiments were made, 
0*6 CC8 (0-51 g) of human serum was hydrolysed as described 
above with 20 — 25 cc8 ot 4t n hydrochloric acid for 10 hours. An 
equal amount of the serum was fractionated with 50 per cent satur- 
ated ammonium sulphate solution, according to the usual procedure 
employed for the separation of albumins and globulins. The total 
volume of the liquid was in this instance 5 ccs. Both fractions were 
then hydrolysed in the same manner as serum. On completion of the 
hydrolysis each of the three hydrolysates was made up to 100 ccs with 



a) 20 X, h) 50 X dilute hydrolysate of proteins, albumins and globulins from 
0*51 g hum. serum, boiled witli 26 cem 4 n HCU electrolysed in 10—^ n CoClz 
in 10-1 NH^Cl in lO-i n NH,, 

water and filtered; then the solutions were prepared for polarographic 
analyses as described above. (In the case of the albumin fraction 
ammonium ions were already present, because ammonium sulphate 
was used for salting-out.) The solutions could be jirepared from hydro- 
lysates which were diluted 50- to 20 -fold. (Fig. 4.) 

A lower dilution cannot be lecommended, because the hydrolysates 
contain a very high concentration of the acid w Inch cannot be neutra- 
lized with ammonia, since, otherwise, the concentration of A //467 may 
exceed 0‘1 n; if instead of ammonia potassium hydroxide is used for 
neutralisation the solution will contain an excess of KGl, which also 
has an influence on the height of the catalytic wave. 

Several analyses in which the content of proteins, albumins and 
globulins in human serum was alw ays gravimetrically determined 
have shown that albumins contain approximately twice as much 
cystine as globulins. The sum of cystine in both fractions adds up, of 
course, to the content of cystine in untreated protein. 



The course of the hydrolytic splitting of proteins. 

As already mentioned, cobaltammine in the suitable buffer solu- 
tions produces the polarographic effect only with protein or an inter- 
mediary product of its hydrolytic splitting. Cystine in the presence of 
cobaltammine does not show any effect on the polarographic curve. 

Thus, it is possible to follow the course of the protein hydrolysis by 
estimating the change of concentration of the intermediary product 
of protein decomposition with time. 

For this investigation the same experimental arrangement for hydro- 
lysis was employed as before. The flask was, however, larger (100 ccs) 
and a narrow pij^ette was inserted through the condenser by means of 
which small volumes of the hydrolysate could be taken out at definite 
intervals during the boiling. 



50 X dilate samples from 0*3000 g woo! boiled with 50 cent 5 n HCl and electro- 
lysed in 3 X 10~* n Co(NH^)^ Gl^ in 10—* n NHJOl in 10—* n removed at 

stated time -intervals. 

When the hydrolysis was carried out with 5 n HCl, 0*2 cc of the 
hydrolysate was added always to a small beaker containing 1 cc of 
10—2 m Co(NH^)^Cl^ and 6*8 ccs of water and the mixture was neutra- 
lised with 2 CCS of 1 72. NH^, When hydrolysing with acid of a different 
concentration the solutions were adjusted to contain 0*1 NHJJl 
and 0* 1 71 NH^, 

The results most suitable for mathematical expression were obtained 
with wool and with human hair. These tissues dissolve in the boilipg 
acid only after disintegration, so that at the time ^ = 0 the concentration 
of the intermediary product — which was responsible for the polaro- 
graphic effect — was also zero. The polarogram (Pig. 6) and diagrams 
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(Fig. 6 a and 6 b) show that the concentration of this product first 
increases with time to a maximum value, the time position of which 
depends on the concentration of acid, and then gradually decreases, 
until on the completion of hydrolysis it entirely vanishes. 
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Fig. 6 a. Fig. 6 b. 

Kinetics of ciecomposition of 6* 300 g wool boiled with 50 ccm of 5 n HCl 
Fig, Oa), — 0«2963 g wool with 50 of 2*5 n HCl (Fig. 6 b), deduced from the 
variation of the height of wave of an intermediary product of hydrolysis with 

time. 

This course of the hydrolysis can be explained by assuming that in 
this reaction simultaneous formation and decomposition of this inter- 
mediary product takes place the concentration of which is supposed to 
be proportional to the height of the corresponding wave x. The author 
lias tried to express the reaction rate by the following formula: 

( 1 ) — 

where Ki and are the velocity -constants of formation and decompo- 
sition of the intermediary product, respectively at is the amount of 
protein present at time t and Xt is the amount of the intermediary 
product at the same moment. Assuming further approximately that 
the hydrolytic decomposition of protein proceeds according to the 
formula 

da jrr 

* — 




(2) 


18 
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we obtain 

3) at , 


where is the amount of protein at < — 0. 

Now, from the formulae (1) and (3) we get the expression 


(4) xt = (c — e -*'>*) ■ 

The curve corresponding to the latter equation should have a maxi- 
mum at 


(«) 


K 






In order to compare the equation (4) with the experimental curve, 
where for the values of x the heights of the corresponding waves are put 
in, it is necessary to write instead of where is the height of 

a wave which should be reached for the intermediary product after an 
infinite time (if it does not succumb to a further decomposition). For 
this the following relation must hold . k. 

If we express by the number of grams of keratin going to 1 liter 
of hydrolysate, then x^ is equal to the height of the w ave corresponding 
to a quantity of intermediary product split from 1 gjl ceratin at the 
above mentioned dilution. 

The analysis of the curve obtained experimentally shows, how^ever. 
only a rough agreement with equation (4). From a series of various 
constants derived for the equation (4) in order to cover the highest 
possible number of the measured values, the course of the experi- 
mentally obtained curves was best comprehended with the help of 
those, which were calculated from the maximal height of wave and 
from the descending part of the curve after the maximum was reached. 
The constants thus obtained are the following; 

For hydrolysis of 0-3000 g of wool in 50 cca of 5 n HCl, i. e. = 6000 
= 0-87, ^ 0-061, == 147-4, k = 24-6; 

for hydrolysis of 0-2963^ of wool in 60ccs of 2-5nHCl, i. e. ao = 6*926 
== 0-18, - 0-017, - 153*7, k = 25-9. 

From these constants it follows that the intermediary product is 
formed from ceratin ca 1 1 — 14 times more rapidly than is its decomposi- 
tion velocity to cystine, and that for a twofold concentration of hydro- 
chloric acid the velocity constants are increased ca four times, i. e, they 
are approximately proportional to the square of the acid concentration. 
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Greater deviations existing in the ascending part of the curves 
taking part especially in the hydrolysis with 2 5n HCl, can be caused by 
the fact that ceratin in the compact form cannot react instantaneously 
to a full extent with the acid, and thus the decomposition proceeds 
according to a more complicated function than is given by equation (2). 
The beginning of the theoretically constructed curves is, therefore, 
shifted somewhat to the right. Further discrepancies appearing in the 
parts of curves tending to limits can be explained probably by the 
circumstance, that we do not know exactly the dependence of the 
height of wavoa;<on the concentration of the intermediary product, the 
calculation being based provisionally on the assumption of proportion- 
ality of both these quantities. 


Summary. 

The catalytic effect of cystine in buffered solutions of cobaltous chlo- 
ride on the hydrogen deposition at the droj)ping mercury kathode 
was employed for quantitative microdetermination of cystine in protein 
hydrolysates. 

(,-ystine was determined in wool, in different sy^ecimens of human hair, 
in egg-albumin, blood-albumin, in serum, in serum -albumin and serum- 
globulin. The results agree with the literature data. 

In this method cystine is determined in solutions containing prefer- 
ably 5 X — 10*“^ gram -molecules of this substance (0*012 — 0*24 
7ng of cystine in 10 ccs of the solution). The accuracy of a single deter- 
mination amounts to H 5% of the actual content of cystine. The accu- 
racy can be increased however, because it is possible to repeat the 
]K>larographic curves as often as one likes, one record taking not more 
than 5 min. time. 

An example of the determination of cystine in 0*0005 g of human 
hair is described, in which almost the same accuracy was attained as in 
experiments with larger amounts of proteins. 

In a suitable buffer solution containing cobaltammine, cystine formed 
during the hydrolysis of the protein does not show any influence on the 
polarographic curve, whereas the intermediary product of protein de- 
composition produces a considerable effect. This fact was emj)Ioyed for 
the investigation of the course of the hydrolytic splitting of proteins 
having a cystine nucleus. The content of intermediary product in the 
solution attains with time a maximum value and decreases again on 
continuation of the hydrolysis. The kinetics of this process are shortly 

18 * 
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discussed, the velocity constants of the formation and decomposition 
of the intermediary product in the hydrolysis of wool being roughly 
determined. 
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ACTION DE L’ACIDE 

AZOTEUX SUR L’ACIDE PYR0CATfiCHINE4-8ULF0NIQUE 

par J. FREJKA et J. ZTKA. 

Dans un travail ant^rieur {Coll. 1931, 3, 559) nous avons signale 
que Taction de Tacide azoteux sur la pyrocatechine, en presence 
d’acide acetique anhydre et en solutions concentrees, donne de la 
t^tranitrosopyrocat^chine, en d’autres termes que le dit biphenol 
montre la tendance a laisser occuper par des groupes nitroso toutes 
les places substituables. En cela la pyrocatechine differe essentielle- 
ment de la resorcine qui ne donne qiTun derivi dinitrose. Los deux 
corps different d’ailleurs en ce que la pyrocatechine tetranitrosee 
fournit sur la laine mordancee aux sels ferreux ou chromiques non pas 
une coloration verte mais seulement brune. 

Pour elucider les reactions par substitution de la pyrocatechine, peu 
claires dans bien des cas, et, en meme temps, pour obtenir des derives 
pouvant offrir deTint^ret d’une part comine colorants nitroses, d’autre 
part, comme agents de precipitation en analyse quantitative,*) nous 
nous sommes mis a etudier les corps qui se forment dans Taction de 
Tacide azoteux sur certains derives pyrocatc^chiques. En premier lieu, 
nous avons dirige notre attention sur Tacide pyrocat6chine-4-8uIfonique 
dont la preparation a d^crite par Cousin (A. Ch. [7j 13, 511). 
C’est un corps d’accestres facile. On peutle preparer par action directe, 
k chaud, de Tacide sulfurique concentre sur la pyrocatechine. L’auteur 
a isole du melange reactionnel directement le sel potassique en neu- 
tralisant par du carbonate de potassium. Nous avons toutefois trouve 
que pour obtenir un produit pur il est preferable de preparer d’abord 
le sel de baryum, de purifier celui-ci par cristallisation et de le trans* 
former (au moyen de Na^SO^) en sel sodique qui cristallise tres bien. 
C’est ce sel qui nous a servi de matiere premiere pour preparer le d6riv6 
nitros^, il n’a done pas ^te n^cessaire d'isoler a T^tat fibre Tacide 
correspondant. 

♦) Dans les demiers temps, la dinitrosor^sorcine, paroxemple, a ete utilisee 
dans le dosage quantitatif du cobalt (voir Orndorff-Nichols, J.Am, Ch. 
Soc. 45, 1439, TomiSek et Komarek, Z. anal, Ch. 91y 102). 
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L’action de Tacide azoteux sur le pyrocat6chine-4-sulfonate de sodium 
a d'abord 6tudi6e dans les conditions qui nous avaient fourni la 
t^tranitrosopyrocat^chine, c’est-^-dire en faisant agir Tacide ac^tique 
anhydre sur un melange de solutions aqueuses concentr6es de sulfonate 
et azotite sodiques. Cependant, Texperience a montr^ qu’ici la reaction 
est beaucoup moins tumultueuse que dans le cas de la p5^ocat6chine 
non sulfon6e et que la mise en liberty de I’acide azoteux peut 6tre eflfec- 
tu6e aussi au moyen des acides sulfurique ou chlorhydrique dilu6s qui 
produisaient une resinification complete lors de la nitrosation de la 
pyrocat^chine. Les produits obtenus par Tun et Tautre precedes etaient 
identiques. 

En operant avec un exces d’acide azoteux nous avons obtenu eomme 
produit principal le sel sodique de Tacide dinitro8opyrocat6chine>4-sul- 
fonique de constitution probable 

NO 



,ONa 

/ 

OH 


dans lequel deux parmi les trois hydrogenes positifs se trouvent 
remplac^s par du sodium. II s’agit done d’un sel acide, analogue k celui 
obtenu dans la preparation de la tctranitrosopyrocatechine; en dimi- 
nuant Texc^s d’acide azoteux nous avons pu obtenir, outre ce sel, aussi 
un derive mononitros6 que nous decrirons dans une communication 
prochaine. 

Soulignons que nos essais d’introduire des groupes nitroso k toutes 
les trois places substituables de Facide pyrocat6chine*4-sulfonique ont 
echoue. 

A Faide de la radme methode que pour le sel sodique nous avons 
pu obtenir le sel potassique en partant du sulfonate et de Fazotite 
potassiques, 

De Fun et Fautre sel nous avons pu, par action d’acide chlorhydrique 
concentre, mettre en liberty Facide sulfoconjugue de constitution pro- 
bable 


NO 



ON 
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Les sels en question cristallisent ais^ment dans Teau chaude sous 
forme de petites aiguilles jaune brun et se laissent bien caracteriser. 
Leur solution aqueuse se colore en rouge sang par addition de chlorure 
ferrique. A Tetat sec, les sels, comme aussi Tacide libre, sont explosifs, 
ce qui rend assez difficile leur analyse. 

L’acide dinitrosopyrocatechine-4-sulfonique cristallise k Tetat de cris- 
taux aciculaires jaune d’or, detonant fortement par chaulfage. 

Une solution aqueuse de sel sodique ou potassique donne avec Jes 
sels de certains m6taux des pr6cipit6s peu solubles dans Teauetdont on 
peut se sei*vir pour caracteriser Tacide. C est ainsi qu’on a pu preparer 
a I’etat cristallis^ les sels de baryum, de strontium, de calcium. Tous 
se separent sous forme de petites lamelles jaune d’or et renferment 
1 molecule de base pour 1 molecule d’acide sulfonique. Ici encore^ on 
est done en presence de sels ,,acides‘'presentantrundesgroupesphenO“ 
liques a Tetat libre. Les sels contiennent un nombre variable d’eau de 
cristallisation. Le sel de plomb, par contre, obtenu en precipitant par 
I 'acetate de plomb le sel sodique, seseparait k I’etatd’unepoudre brune 
non homogene. Dans divers ^chantillons sa teneur en plomb variait. 

Le sel d ’argent, pre^pard par precipitation a Fazotate d’argent, formait 
tie belles aiguilles rouge violet, explosives. Les sels magnesiens ne 
j)recij)itent pas la solution aqueuse du sel sodique, de meme les sels 
de cobalt ou de nickel. Les sels ferriques agissent comme oxydants. 

En vue d’une caracterisation plus complete de Facide dinitrosopyro- 
cat6chine-4-8ulfonique nous Favons reduit par Fetain et Facide chlor- 
hydrique en acide diamino. Avec cette diamine nous avons prepare 
le chlorhydrate cristallise, le picrate, et le derive acetyle,que nous avons 
caracteris(!i on determinant leur teneur en azote. La diamine estun corps 
fortement reducteur. II nous a et6 impossible d’obtenir les sels doubles 
du chlorhydrate avec les chlorures auriquo ou platinique. En etfet, 
lorsqu'on essaie de les preparer, il y a reduction instantanee en metal. 

La diamine libre ne se laisse pas isoler k Fetat permettant une 
analyse, parce qu’elle s’oxyde d6]k au contact de Fair. Cette oxydation, 
qui est encore plus facile, si Fon se sert de chlorure ferrique, parait 
donner une quinone 



qui se separe sous forme d’un pr6cipit4 vert fonc6, presque insoluble 



m 

dans Teau et les solvants organiques. Des quinones analogues ont 6t6 
pr4par4es k partir de la diaminopyrocat4chine par Nietzki et Moll 
(J5. 26. 2184) et E. Hoehn {Helv. 8, 275). 

Sur la laine mordancee au sulfate ferreux ou au bichromate de potas- 
sium Tacide dinitrosopyrocat6chine-4-sulfonique donne uneteinte jaune 
brun jusqu’a brune. 

Une coloration verte (telle qu’on Tobtient avec la dinitrosoresorcine) 
n^a pas ete observ^e. 


Partie experimentale. 

Pour tons nos essais nous sommes partis d’une pyrocatechine pure 
provenant de la maison Riedl — E. de Haen et fusible a 104®. Ce produit 
convenait parfaitement sans avoir besoin d’etre recristallise. 

Sulfonation de la pyrocatechine. 

I partie de pyrocatechine et 2 parties d’acide-sulfurique concentre 
ont ete chauffees, pendant 3 heures environ et en agitant frequemment, 
au bain-marie. Le melange reactionnel a ete neutralise par du carbonate 
de baryum solide, filtre chaud, concentre par evaporation et aban- 
donne a la cristallisation. 

II s’est depose le sel barytique de Tacide pyrocatechine-4-8ulfonique 
qu’on a purifie par plusieurs recristallisations dans Teau chaude. 
Le produit pur a ete transforme en sel sodique par la quantite 
calcuiee de sulfate de sodium Le filtrat concentre par evaporation 
a fourni par refroidissement le sel sodique en jolis cristaux blancs 
qu’on a purifie par des cristallisations repetees. 

Le sel potassique a ete prepare de la meme maniere que le 
sodique. 

Sel de sodium del’ acidedinitrosopyrocatechine-4-sul- 

f oniq ue. 

Dans nos premiers essais, la nitrosation presentait des difficultes 
considerables, dues sans doute la formation simultanee de plusieurs 
produits. Nous nous sommes arretes, enfin, au precede suivant: 

I. Nitrosation en milieu sulfurique dilui: A 2 gr d’acide pyrocatechine 
-4-sulfonique dissous dans 10 cc d’eau on ajoute une solution de 0 gr 
d’azotite de sodium (a 100%) dans 16 cc d’eau. Le melange est ramene 
par de la glace k 0®, puis additionne, par petites portions et en agitant 
constamment, de 5 cc d’acide sulfurique etendu (1 : 1) de maniere 
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k an consommer la totality dans 15 minutes. Dfes I’introduction des 
premieres gouttes d'acide sulfurique la liqueur prend une coloration 
rouge sang intense et laisse 4chapper des vapeurs nitreuses brunes. 
Tout Tacide sulfurique introduit, le melange est abandonne au 
repos. Au bout de quelques minutes il commence k separer le 
d6riv4 nitrose sous forme d’une poudre cristallisee jaune brun ou de 
fines aiguilles de m^me couleur. Apres 2 heures de repos la tempe- 
rature du laboratoire on essore energiquement et lave le produit avec 
peu d’eau (10 cc environ). Pour Tavoir pur, on le recristallise plusieurs 
fois dans Teau chaude d’oii il se depose en belles aiguilles jaune brun. 

Avant d’etre analyse, le sel sodique a ete desseche par un sejour de 
plusieurs jours, a la temperature ordinaire, dans le vide calcique. Le 
dosage de sodium a ete effectue en creuset en evaporant la substance, 
avec precaution, avec de I’acide sulfurique dilue (I’acide sulfurique 
concentre ne saurait etre employe, parce qu’il provoque une explosion du 
sel). Le residu sec a ete calcine et le sulfate de sodium obtenu a ete pese. 

Substance: 0*1320 gr, Na^SO^ 0*0589 gr, 0*1280 gr, Na^SO^ 0*0566 gr. 

0*1504 grr, perte a 110® 0*0123 r/r d’eau. 

0*1492 gr, iVg 11*8 cc (17®, 742*4 mm.) 

C\H (NO).,(SO^Na)OH{pNa.) 

Calcule Na Hfi N 

14'42®/o 8*46®/o 8*78%. 

Trouve 14*35®/o, 14*32®/^ 8*18®/o 9*09%. 

II. Nitrosation en milieu acdtique anhydre: On procfede comine dans 
la prei)aration I avec cette difference que I’acide sulfurique est rem- 
place par 5 cc d’acide acetique anhydre. La reaction s’accomplit bien 
plus lentement qu’en employant I’acide sulfurique et ce n’est qu’apres 
24 heures que le produit nitrose se separe en fines aiguilles jaune 
brun. On le purifie comme ci-dessus, et Ton obtient un corps identique 
au precedent, ainsi qu’il ressort des dosages du sodium. 

Substance: 0*1151 gr, Na^SO^, 0*0507 gr= 14*26% de Na. 

0*1726 gr, Na^SO^, 0*0764 gr- 14*33®/o de Na. 

Quant au rendement en sel sodique, il est presque le meme dans 
I’un et I’autre precedes, c’est-i-dire environ 30%. Le reste de la 
pyrocatechine se transforme d’une part en derive mononitrose (dont 
il sera question plus bas), d’autre part, peut-etre en derive trinitrose 
qui toutefois n’est point stable et subit aussitot une profonde decom- 
position. Le groupe sulfo s’y detache partiellement k I’etat d’acide 
sulfurique qu’on peut aisement deceler dans le liquide reactionnel. 
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Sel sodique de Tacide dinitroso-4-sulfonique. 

II est en cristaux jaune brun aciculaires, peu solubles dans Teau 
froide, mieux dans I’eau chaude, trte peu solubles dans les solvants 
organiques. La solution donne avec certains sels de metaux, tels que 
ceux de calcium, de strontium, de plomb, des precipit^s cristallins, le 
plus souvent de couleur jaune d’or^ tres peu solubles dans I’eau. Le 
chlorure ferrique donne une coloration rouge sang, ce qui diflE6rencie 
le coi’ps des derives pyrocat^chiques k groupes ph4noliques libres et 
qui fournissent une coloration verte ou bleu vert. 11 parait se former 
un produit d’oxydation que nous n’avons toutefois pas r^ussi k isoler 
sous une forme susceptible d’etre analyst^e. 

Sel potassique de Tacide. 

11 a 6t6 preSpare par action d’azotite de potassium et d’acide suL 
furique sur le sel potassique de Tacide pyrocatechine-4-sulfonique en 
operant dans des conditions analogues a celles decrites pour le sel de 
sodium. 

Le produit pur est en aiguilles jaune brun. Son analyse, effectuee 
comme pour le sel sodique, a revele 24*07% de potassium (0*1562 gr 
de substance ayant donne 0*0846 gr de alors que le calcul 

pour C\H{N0)2{80^K){0K)(0H) conduit k 24*07%. 

Acide dinitro8opyrocatechine-4-sulfonique libre. 

Nous avions d’abord essays de jireparer cet acide de la fagon 
suivante: Le sel de baryum a ^t^ decompose par la quantity calculee 
d’acide sulfurique. Le filtrat apres BaSO^ a eti'^ concentre en vue de 
la cristallisation. Malheureusement, pendant cette operation il se de- 
composait d6ja, et le produit se refusait ^ ciistalliser. 

Le resultat 4tait bien meilleur lorsque nous avons remplac6 Tacide 
sulfurique par Tacide chlorhydrique et le sel barytique par le sel 
sodique (ou potassique). Le sel pur, dissous dans peu d’eau,a4t6 addi- 
tionn^ d’un excfes d’acide chlorhydrique en ayant soin d’agiter. Le 
melange s’^chauffait et s^parait bientot des aiguilles jaune d’or ded6riv6 
dinitros4. Dans le cas oh le sel sodique initial n’avait pas 6t6 complfete- 
ment dissous, on pouvait observer la transformation successive de la 
poudre cristalUne en aiguilles d’acide sulfonique libre. Le produit brut a 
ete recristallis^ dans I’acide chlorhydrique et formait alors de fines 
aiguilles jaune d’or, bien solubles dans I’eau m6me a froid, tr6s peu 
dans les solvants organiques. L’acide chlorhydrique concentre et chaud 
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provoque ime decomposition complete. Au contact d'une flamme on 
par choc, le corps detone fortement. 

Pour etre analyse, Facide sulfonique a ete ramene a I’etat de sel 
sodique, dans lequel on a dose le sodium par evaporation avec de 
I’acide sulfurique. 

Substance: 0-1383 gr, Na^SO^ 0-0623 gr, 

C^H{NOUSOM(ONa)(OH)lY2 H/): 

Calcule Na 14-42%. 

Trouve Na 14-59%. 

Sel de baryum acide. 

A une solution aqueuse chaude de sel sodique ou potassique on 
ajoutait, goutte a goutte et en agitant, une solution chaude de chlorure 
de baryum en faible exces. Limpide au debut, la solution se met 
bientot k separer de petites aiguilles jaune d’or, difficilement solubles 
dans Teau meme chaude. On les essore, lave avec soin aFeau, desseche 
dans le dessiccateur au-dessus de CaCl^. Le sel sec est explosif, il 
(letone fortement sous Faction de la chaleur ou au choc. 

L’analyse a et6 effectu6e en ^vaporant doucement avec de Facide 
sulfurique et en calcinant le r6sidu sec. 

Substance: 0-1379 grr, BaSO^ 0-0784 grr. 

0-1268 gr, BaSO^ 0-0719 gr. 

0-1057 gr, perte k 110® 0-0067 gr. 

(J^H(NO)^(OH){SO^)(0)Ba. 1 % H^O: 

Calcule JSa33-51®/o, 7/20 6-59%. 

Trouve Ba 33-35%, 33-77%, H/) 6-34%. 

Sel de strontium acide. 

11 a 6te prepare comme le precedent mais avec du chlorure de 
strontium, et presente des propri^t^s analogues. II est ^^galement ex- 
ploaif. L’analyse, elle-aussi, a ete executee comme pourle sel bar>i)ique. 

Substance: 0-1880 gr, SrSO^^ 0-0884 gr. 

0-1880 gr, perte k 110® 0*0290 gr. 

0-1841 gr, SrSO^ 0-0863 gr. 

0-1841 gr, perte 110® 0-0285 gr. 

GMN0U0H)(80^{0)8r. 1 
Calcul6 8r 22-09®/o, Hfi 15-88®/o, 

Trouvd 8r 22-42%, 22-35®/o, Hfi 15-43®/o, 16-88®/o. 
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Sel de calcium acide. 

Preparation et proprietes analogues a celles des sels pr6c4dents. 
Tjamelles jaune d’or. 

Analyse: 

Substance: 0*1346 gr, CaSO^ 0*0538 gr. 

0*1425 gr, CaSO^ 0*0568 gr, 
C^H(N0U0H){S0^)(0) Oa.S H^O: 

Calcule Ca 11*79%. 

Trouv^Ca 11*76%, 11*73%. 

Sel d’argent acide. 

Une solution aqueuse de sel sodique a precipitee a chaud par 
une solution aqueuse d’azotate d’argent k 10%. Le produit se separe 
en belles aiguilles insolubles dans Teau et d’autres solvants. II a etc 
essore, lave soigneusement avec de Teau, puis seche sur du Ca(\. 

Pour Tanalyse, le sel a ete maintenu a 110® jusqu’a poids constant. 
II est fortement explosif. Dans le dosage deTargent la substance a ete 
chauffee pendant quelque temps avec un exces d’acide azotique et 
apres la destruction de la matiere organique on a precipite par HCL 

Substance: 0*1677 gr, AgCl 0*1033 gr, 
C^H(N0\{0H){80^Ag)(0Agy, Calcule Ag 46*75%. 

Trouve Ag 46*35%. 

Reduction de Tacide dinitrosopyrocat6chine-4-8ulfonique 

en diamine. 

A 1*5 de sel sodique (ou potassique), delayes dans 10 cc d’eau, 
et de 7 gr d’etain refondu, pulverise, on ajoutait, par gouttes et en 
agitant 4nergiquement, 7 gr d’acide chlorhydrique concentre (a 36%). 
D^s I’introduction des premieres gouttes d’acide chlorhydrique la liqueur 
jaune prenait une coloration rouge sang jusqu’a violette (parfois il 
se s^parait un produit intermediaire k Tetat de fines aiguilles insolubles 
dans Feau et I’acide chlorhydrique, mais qui par chauffage au bain- 
marie entraient bientdt en solution). Ije liquide reactionnel a 6te aban- 
donn6 pendant un quart d’heure environ, en agitant de temps a autre, 
jusqu’a complete clarification. II a ete separe ensuite de retain m^tal- 
lique, additionne, apres refroidissement, de 8 cc d’acide chlorhydrique 
de concentration mentionn^e, et le tout a et6 refroidi par de la glace. 
II y a eu aussitdt separation de cristaux blancs, aciculaires du chlor- 
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hydrate de diamine qu’on a essor^, lav^. k I’acide chlorhydrique con- 
centre et k Talcool, dans lesquels il est peu soluble, tandis qu’il se 
dissout facilement dans I’eau. 

Si, au moyen d’ammoniaque, on met en liberte la base, on Fobtient 
sous forme d’un precipite blanc qui s’oxyde rapidement deja au contact 
de Fair. On peut Fac^tyler ou le transformer en picrate. Par centre 
la preparation des sels doubles avec les chlorures aurique ou platinique 
ne reussit pas, car il y a reduction instantanee en metal. 

Analyse: 

Substance: (M253 gr, N 2 10*8 cc (18®, 747 mm). 

C^H{S02lI)(0H)(NH2)2.2HCl: 

Calcuie N 9-50%. 

Trouve N 9*93%. 

Picrate de Facide diaminopyrocatechine-4-sulfonique. 

A line solution de chlorhydrate on ajoutait goutte a goutte et en 
agitant une solution d’acide picrique. Les aiguilles jaune d'or separees 
ont ete essorees et lavees a Feau. Elies sont assez solubles dans Falcool. 
Chauffees, elles noircissent d’abord, puis brulent avec une faible explo- 
sion sans fondre auparavant. Le point de decomposition a ete trouve 
entre 148 et 150®. 

Le sel n’est pas stable k Fair, il finit par acquerir une couleur verte. 

Analyse du produit seche sur CaCl^. 

Substance: 1301 gr, 16*2 cc (17®, 745 mm). 

0*1234 gr, perte k 110® 0*0146 gr. 

C,H(80sH){0H)(NH2)2.2 C,H2{0H)(N02),.5 H^O: 

Calcuie N 14*58®/o, H^O 11*78%. 

Trouve N 14*37 ®/o, H^O n S3%. 

Oxydation de la diamine en quinone. 

a) Par Fair: A une solution aqueuse pas trop etendue de chlor- 
hydrate on ajoute, par gouttes et en agitant, de Fammoniaque diluee. 
On voit se separer un precipite de diamine, blanc d’abord, mais qui 
verdit rapidement sous Faction oxydante de Fair. On fait passer de 
Fair dans le liquide. Quand, au bout d’une demi-heure, Foxydation 
est terminee, on essore le produit presque noir k reflet metallique 
rouge&tre, on lave soigneusement k Feau et seche sur CaCl^. 
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Note: Si rammoniaque est ajout^e une solution de chlorhydrate 
de diamine trfes ^tendue, on n’obtient pas de precipite, mais seulement 
une coloration bleu intense. 

b) Par le chlorure ferrique: Dans une solution aqueuse de 
chlorhydrate de diamine on introduit par gouttes une solution de 
chlorure ferrique it 10%. La premifere goutte provoque une coloration 
rouge intense, les suivantes determinent un virage successif au brun 
et au vert pour donner enfin un precipite vert fonoe de quinone. Lorsque 
la separation de celle-ci cesse, on arrete I’addition du sel ferrique. Le 
traitement ulterieur est celui de Tessai precMent. Le produit est ici 
un peu plus clair que dans la preparation au moyen d’air. 

Analyse: 

Substance: 0*1685 gr, 18*6 cc (17^ 748 mm). 

Calcule N 12*84%. 

Trouve N 12*74%. 

Acetylation de la diamine. 

1 mol. do chlorhydrate de diamine, 10 mol. d’anhydride acetiquo et 
quelques gouttes d’acide sulfurique concentre sont chauffes a Tebul- 
lition, a reflux, pendant une heure. Le liquide reactionnel est verse 
dans de Teau froide. 

IjCS fins cristaux blancs oi^ legeremcnt violaires du produit sont 
essores, laves soigneusement avec de I’eau, puis seches sur Ca(\. 
Le produit ne se laisse pas purifier par cristallisation, parce qu'il est 
tres peu soluble dans Teau et dans les sol van ts organiques. Par la 
chaleur, il se decompose sans fusion prealable. 

Analyse: 

Substance: 0*1072 gr, 6*4 cc (17®, 743 mm). 

C^H{SO^H)(NHCOCH,M> COCH^)^: 

Calcuie N 7*22%. 

Trouve N 6*87%. 
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ACTION OF ULTRA-VIOLET RAYS ON ETHANE 


by W. KP:MULA, 8T. MRAZKK and ST. TOLLOCZKO.*) 


I. Introduction. 


1. The action of ultra-violet radiation on a mixture of ethylene 
with hydrogen in presence of mercury vapour was studied by Taylor 
and Marshall (J. Physical. Chem. 1925, 29, 1140), Taylor and 
Bates (J. Amer. Chem,. ^oc. 1927, 49, 2438) and Olson and Meyers 
(e/. Amer. Chem. Soc. 1920, 48, 389 and 1927, 49, 3131). It was ascer- 
tained by a static method that under low and normal pressures ethy- 
lene undergoes a hydrogenation to ethane according to the equation: 


CJI, + Ih 


h v(l r-- 2537 i) 

' \ C N 


Formation of higher hydrocarbons besides ethane was explained by 
decomposition and polymerization of ethylene. It was also admitted 
that the saturated hydrocarbons formed under these conditions do 
not undergo any change (Taylor, Trails. Faraday Soc. 192B, 21, 560). 

However, the experimental results of later investigations did not 
corroborate this supposition: for example, Franken burger and Zell 
(Z. physikal. Chem. 1929, B 2, 399) established the decomposition of 
pentane C^Hy^ by the action of the radiation of a quartz lamp in ])re- 
sence of mercury vapour. 

There upon W. Kemula {Rocz. Chem. 1930, 10, 273) demonstrated 
the decomposition of ethane and stability of methane under the action 
of a quartz lamp, which is at variance with the results of the work 
of Landau (C. R. 1913, 155, 403) as to the stability of ethane. 

While the present investigations were being carried on further papers 
were published confirming the instability of saturated hydrocarbons 
under the infiuence of light of a quartz lamp (Bates, J. Amer. Chem. 
Soc. 1930, 52, 3825; Taylor and Hill, Ibid. 1929, 51, 2922). 

♦) Published in Polish in No 20 of the ^"ChemicM Listy'^ 1932, p. 466, celebrat- 
ing Prof. E. VotoCek’s sixtieth birthday. 
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2. As is known, the thermochemical value of the linkages (C — H) 
(70 — 100 kcal) and {C — C) (83 — 102 kcal) in the homologous series 
of the saturated hydrocarbons is nearly the same; it could thus be 
expected that these hydrocarbons would show similar behaviour under 
the influence of the same activating agent — in the instance given 
under the action of the resonance radiation of mercury vapour of 
wave length 2537 A, 

Considering the fact that ethane undergoes decomposition (Kemula 
Joe. cit.) and that the energy values of the linkages in the ethane 
molecule are nearly the same, it was appropriate to investigate more 



Fig. 1. 


closely the mechanism of this change, and especially to ascei*tain the 
place of rupture of the linkages in the molecules of ethane. — The 
present paper is concerned with this investigation. 

II. Experimental part. 

A. Apparatm, — 1. Ethane was obtained by a modified method 
of Moser (W. Kemula, Przemyst Chemiezny 1928, 12, 411). The gas 
analyses were made by the method of Czako. 

2. The apparatus consisted of a lamp, L, a reaction vessel of trans- 
parent fused quartz, B, a vessel with phosphorus pentoxide, a mano- 
meter, M, the stopcocks, D, E, and F, an arrangement for cooling 
the lamp, G, a voltmeter, an ammeter and a millivoltmeter for the 
thermocouple. This last was placed between the lamp, L, and the 
vessel, B, The instruments for electrical measurements are not shown 
in Fig, 1. 
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3. As source of ultra-violet radiation a vertical pattern of mercury 
quartz lamp, i, was employed placed within a cylindrical quartz 
reaction vessel, B, The distance between the walls of this vessel and 
the lamp was 2 mma, the capacity of the reaction vessel being 180 cos, 

4. A special arrangement for a reversible transfer of gases through 
the reaction si)ace consisted of two pipettes, PP. The capacity of the 
apparatus (Fig. 1) was 1200 ccs. The reaction products were frozen 
out in spiral vessels placed in a Dewar container. The temperature 
of the freezing bath was generally — 80® C. Mercury was used as 
sealing liquid. 



The (lepondonce of the yield of hy<lrog('ii and of the diminution, of pressure 
on the tornperaturo of the lamp. 

B. Measurements. After having made some preliminary experi- 
ments with methane, which in accordance with the results of earlier 
investigators did not change under these conditions, we proceeded 
with the investigation of ethane. 

5. Pi'eliminary experiments with ethane were perfomed using the 
statical method (the gases being in rest). It was ascertained that 
ethane undergoes a change, the velocity of this change depending 
decidedly on the temperature of the lamp, i. e. on the intensity of 
the active radiation. 

Fig. 2 illustrates sufficiently this interdependence of the decom- 
position of ethane and the temperature of the lamp. These exj)eriments 
were made under the same initial pressure, Pq = 630 mms Hg and 
within the same period of time. Ax ^ 250 minutes. 
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6. It follows from these preliminary experiments, as had already 
been ascertained earlier by one of us, that ethane undergoes a photo- 
chemical decomposition and condensation, hydrogen methane CH^ 
and higher gaseous and liquid hydrocarbons being formed. In some 



volume of tho condensate. (The experimental conditions s. table' 11, No 3.) 

experiments of a longer duration the hydrogen content attained a value 
up to 80%. These composition changes of the gas phase were always 
accompanied by a fall of pressure in the reaction space. The absence 





Fig. 4. 

The- continual lino — tho pressure of the gas. — The accentuate one — the 
volume of the condensate. (The experimental conditions s. table II, No 4.) 

of unsaturated hydrocarbons in the gas phase does not, however, 
exclude th6ir formation, it being known from the work of Berthelot 
and Gaudechon {C. R. 1910, 155) and others that the hydrocarbons 
easily undergo polymerization under such conditions, forming liquid 
and solid products. 
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The reaction velocity is very low, as the present investigation shows, 
spite of the direct and complete utilization of the radiation owing 
the immediate vicinity of the quartz lamp to the reaction vessel. 



Tho continual lino — the prossiiro of the gas. — The accentuate one — - the 
volume of tJi(» c‘ondensat(*. (The (experimental eoTuhtiems s. tableau » No 5.) 

7. In the further course of the investigation systematic measurements 
were made, in order to ascertain, how the composition of the gas and 
the liquid phase changes with variation of: 1. the initial < pressure, 
2. the temperature of the receiver, and 3. the velocity of flow of the 
gas through the reaction space. 



Fig. 6. 

The continual line — the pressure of the gas. — The accentuate one — the 
volume of the condensate. (The experimental conditions s. table II, No 6.) 

The progress of the reaction was followed up manometrically as 
well as analytically. Besides this the volume of the condensate, i. e. 
the liquid reaction products which had separated at the temperature 


19 * 
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of — 80® C was measured. Detailed results of these measurements are 
contained in the Table I and graphically represented in Fig. 3, 4, 
5 and 6. 

The general results of the measurements made are given in Table II. 

For the purpose of comparison of the experiments 1 and 2 (Table II), 
the duration of which was 4630 minutes, with the following ones, 
the percentage of hydrogen corresponding to 2240 minutes expired, 
was calculated on the basis of the final analysis according to formula: 


%( 2240 ) == 


{ P Q P 2 ) H 2 %( 4630 ) 

{Po~Pi) 


where P^ is the initial pressure, Pj the pressure after 2240 minutes, 
and P 2 that after 4630 minutes. 


Full data on the reaction of irradiated ethane. 
Table I. 

Experiment No 1. Experiment No 2. 


Time r 
in iniimtes. 

Proasuro p 
in mnis Hg, 

Volume 
of fcho 
<!ondonsate 

Time T 
in minutes. 

Press are p 
in mm 8 Hg, 

Volume 
of the 
condensate 



m CCS. 



in CC8. 

0 

429 

0 

0 

806 

0 

300 

424 

00 15 

470 

797 

0017 

510 

422 


650 

789 


750' 

418 

o-oao 

880 

782 

0105 

980 

413 


1420 

770 

017 

1230 

407 

0-07 

1590 

761 


1510 

402 


1680 

757 

0-235 

1740 

399 

0125 

1960 

753 


2010 

397 


2215 

745 

0-315 

2240 

392 

0-21 

2470 

735 


2490 

392 


2670 

734 

0-365 

2720 

391 

0-25 

2870 

730 


2960 

388 


3080 

730 

0-42 

3200 

384 

0-275 

3340 

728 


3470 

383 


3515 

723 

0-46 

3640 

381 

0-3 

3770 

716 


3920 

379 


4075 

710 

0-535 

4180 

378 

0-345 

4290 

708 

0-56 

4370 

375 


4530 

703 

0-58 

4630 

374 

0-38 

4630 

703 

0*6 
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Experiment No 3. 

Experiment No 

4. 

Time i 
in minutes. 

Pressure p 
in mma Hg. 

Volume 
of the 
condensate 
in CCS. 

Time r 
in minutes. 

Pressure p 
in mms Hg, 

Volume 
of the 
condensate 

in CC8, 

0 

1203 

0 

0 

1186 

0 

205 

1160 


190 

1181 


430 

1143 

0*28 

360 

1174 


700 

1119 

0*42 

1010 

1173 

0*04 

890 

1106 

0*47 

1150 

1173 


1100 

1099 

0*585 

1420 

1170 

0*06 

1346 

1082 

0*66 

1820 

1170 


1696 

1076 

0*70 

2015 

1170 


2000 

1067 

0*74 

2240 

1168 

0*09 

2240 

1065 

0*75 




Experiment No 5. 

Experiment No 

6. 

Time t 
in minutes. 

Pressure p 
in mms Hg. 

Volume 
of the 
condensate 
in ccd. 

Time r 
in minutes. 

PioBsure p 
m mma Hg, 

Vohune 
of the 
condensate 
in CCS, 

0 

1097 

0 

0 

J097 

0 

350 

1083 

0*08 

430 

1073 

0*09 

550 

1073 

0*13 

995 

1042 

0*26 

960 

1049 

0*26 

1580 

1005 

0*4 

1915 

1029 

0*31 

2085 

987 

0*51 

2240 

1027 

0*34 

2240 

980 

0*52 

8. The 

experiments 

No 1, 2, 

and 3 (Table IT) made under the 


same conditions, but at different initial pressures, Pq, show that the 
contraction of the gas as well as the volume of the condensate increase 
with the rise of the initial pressure, whereas according to the analysis 
of the gas phase the percentage of hydrogen is continually decreasing. 
However, this fact does not indicate a diminishing yield of the re- 
action with increasing initial pressure — it is namely to be taken 
into consideration that the number of gas molecules present every 
time in the reaction space increased proportionally to the pressure. 
Indeed, the product of the initial pressure and the percentage of hydro- 
gen is a nearly constant quantity: 

Experiment No 1: 429 x 15*7 = 6735 

„ „ 2: 806 X 8*9 = 7173 

„ „ 3: 1202 X 5*6 == 6731 



Table II. 

Summary of experiments on the photochemical decomposition of ethane. 
Constant conditions: Current: I = 2*6 — 2*7 amp. Tension: V = 26 volts. 
Temperature measured with a thermo-couple : t = 50® C. 
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: after condensation of the volatile products at — 80® C. ♦*) The value calculated for the time 2240 minutes. 
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This shows, that the amount of hydrogen formed in equal intervals 
of time is the same, and thus the number of (C — H) bonds activated 
is also the same. The increasing amount of the condensate in the 
series of these experiments is explained by the gi'eater ease of lique- 
faction of molecules of the short-chain hydrocarbons formed, when 
the initial pressure is higher. 

9. The dependence of the condensation on the temperature of the receiver 
is evident from experiment 4 made under conditions otherwise ana- 
logous to those of experiment 3. Only the temperature of the receiver 
was changed by cooling it to only — 20® C by means of a mixture of 
snow and salt. The contraction and also the amount of the condensate 
obtained is considerably smaller here (comp. Pig. 3 and 4, as well 
as Table II) than in the experiment where the temperature of the 
receiver was — 80® C, whereas the amount of hydrogen remained ap- 
proximately the same (Table II). 

This demonstrates that the number of activated linkages is really 
the same in both instances, but that in experiment 4 the reaction 
proceeded in the direction of formation of deeply condensed, heavy 
hydrocarbons, where, as is seen from the condensation reaction: 

n C^H e ^ C^2 nTl xn-k- 1 ) 

the more molecules of ethane are used up in the formation of one 
molecule of the condensate, the smaller will be the drop in pressure 
(W. Kemula, 1. c.). This is the reason also, why the experiments 
performed at low pressures show’ a small contraction. Similarly the con- 
traction is small also, v)hen the temperature of the receiver is high. 

After finishing this experiment the light condensation products 
formed in the gas phase w^ere liquefied by lowering the temper- 

ature to — 80® C, and then liberated by fractional distillation of this 
condensate. 

10. Thedependence of the condensation on the velocity of /?owns illustrat- 
ed by experiments 5 and 6. In both experiments (for complete data 
see Tables I and II) the amounts of hydrogen are approximately equal, 
which demonstrates that the number of activated bonds does not 
depend on the velocity of flow of the gas. The contraction of the gas 
as well as the quantum of the condensate formed increases with in- 
creasing velocity of flow of the gas. 

In all experiments of the present investigation the formation of a 
small amount of iinethane {H ^ : 3-6 :1) was ascertained. 





11. Fi*om the analyses of the gas phase remaining after the irradiation 
it follows that under constant conditions of illumination: 

1. the number of activated linkages does not depend on the initial 
pressure; 

2. the number of activated linkages does not depend on the velocity 
of flow of the gas; 



Fig. 7. 

The course of distillation of the condensate from the experiment No 1. (Analysis 

s. table 111.) 

3. the composition of the gas phase depends on the temperature 
of the receiver; 

4. the composition of the gas phase depends on the velocity of flow 
of the gas: when this velocity increases, hydrocarbons with short 
chains are formed; and finally, 

5. the drop in pressure (amount of the condensate) is the larger, 
the greater is the velocity of flow. 
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12. Analysis of the condensate, — After completion of the experiment 
the condensate was submitted to fractional distillation and the fractions 
obtained were analysed. 

Because the amounts of the condensate were small (up to 0*5 gr) 
a suitable method was devised to determine the volume of separate 
fractions for the purpose of graphical representation of the course of 
the distillation (St. Mrazek, Dissertation, Lwow, 1929). 



'i'he course of distillation of the condensate from the experiment No 2. (Analysis 

8. table III.) 

The condensate obtained in each experiment was divided by distil- 
lation into three main fractions: 

1. A fraction passing over between — • 80® and f 15® C; 

2. a fraction distilling between -f 15® and + 100® C, and 

3. the highest fraction going over above + 100® (/ — the residue. 

Instances of the course of distillation of the higher fractions are 
represented in Fig. 7 and 8. In every experiment two distillations 
were made. On the diagrams the higher' curve represents the changes 
of volume of the liquid in dependence on the temperature. The lower 
curve gives the volumes of the fractions obtained within 10® C. 

The results of the distillations are summarized in Table III. 



Table III. 

Summary of analyses of the liquid condensate. 
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13. Analysis of the heaviest f reaction. — The heaviest fraction (above 
100® C) was really the. residue remaining after distilling off the more 
volatile components. This residue was submitted to further investi- 
gation. 

The elementary analysis gave following results: C\ 84*5%, H : 16*1 %, 
sum of both: 100-6% 

From this the calculated ratio of the number of carbon atoms to 
that of hydrogen atoms corresponds to the formula This 

suggests thus the supposition that probably the main constituent of 
this condensate is octane {CnH^.^hn), or a mixture of hexane, octane 
and decane. 

The molecular weight of the condensate from the experiments 3 and 5 
was determined by means of Swietoslawski’s ebullioscope, ether 
being used as solvent. The calculated molecular weight was 105-4. 
This result corresponds approximately to the foregoing estimate, i. e. 
to octane, 

A search for asymmetric carbon gave a negative result. 

Measurement of the tnpour tension of the condensate after removing 
the volatile fractions yielded a value corresponding to octane, A deter- 
mination of the change of the vapour tension of the condensate with 
temperature points to a mixture of hydrocarbons. 

14. From the course of the distillation curves as well as from the 
analysis of the condensates it follows that the hydrocarbons formed 
from ethane are butane, hexane and octane. This is concluded from 
the fact, that on the distillation curves maxima occur generally in the 
neighbourhood of the temperatures 0® and 69® C, these temperatures 
being the boiling points of pure butane and hexane respectively. The 
measurements of vapour tension of this fraction corresponded also to 
hexane. The elementary analysis of the heaviest fraction indicates the 
presence of octane. On the other hand, neither propane nor pentane 
were detected. Of the hydrocarbons with an odd number of carbon 
atoms only methane is formed in a small amount. This matter will be 
considered later on. 


III. Summary of results. 

Relying upon the results obtained it has been ascertained that it 
is possible to get different products in prevailing amount, according 
to whether we change: 1. the initial pressure, 2. the temperature of 
the receiver or 3. the velocity of flow of ethane, which means that 
we can influence the quality of the reaction products. 
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It has been found out generally that 1. in increasing the initial 
pressure, 2. in lowering as much as possible the temperature of the 
receiver, and 3. in increasing the velocity of flow — nearly exclusively 
butane is obtained (comp. Table II, exper. 3 and 6), whereas in using: 
1. a low pressure, 2. a high temperature of the receiver, and 3. a low 
velocity of flow — besides butane large amounts of hexane and octane 
are formed (comp, exper. 4 and 5). 

Such a course of condensation in dependence on the above stated 
conditions is entirely comprehensible, if we take into consideration 
that under a high pressure and a temperature of the receiver as low 
as possible the light hydrocarbons are more easily condensed. An in- 
crease of the velocity of flow, however, cause the removal of the 
products already formed from the irradiated space, making thus their 
further activation impossible. 

However, the number of activated linkages is constant, and there- 
fore by changing the initial pressure, the velocity of flow and the 
temperature of the receiver we influence only the yield of the different 
'products of condensation^ i. e. the direction of this photochemical re- 
action. 

IV. Discussion of the mechanism of condensation of ethane, 

1. S. ToWoczko (Przemyst Chemiczny 1927, 11, 248) has proposed 
the following mechanism of the photochemical change of ethane: 

1 . 2C^H, -> 2ClH,+ 2H' - > 

2. ClH,+ C\H, + 2H- ^ etc. 

These equations are based on the supposition that in the molecule 
of ethane, butane etc. only the linkage (C — H) in one of the methyl 
groups is photochemically ruptured. The condensate would be thus 
composed only of hydrocarbons with an even number of carbon atoms. 
The possibility of activation of the linkage (C — C) is, however, not 
excluded, because the rupture of this bond requires nearly the same 
amount of energy as that of the linkage {C — H), 

2. The mechanism put forward by S. ToWoczko does not anticipate 
secondary reactions which must undoubtedly occur, when we consider 
the results of the present investigation, which were unknown at that 
time, especially that, with the exception of methane, only hydro- 
carbons with an even number of carbon atoms are formed (comp, the 
distillation curves). Upon this basis we may now modify the mechanism 
of the change as follows: 
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I. C^H,+ Hg^ C,H* + Hg, 

II. cju* cX+//\ 

The radicals and H' can recombine (III, IV): 

III. 2ClH, . and 

IV. 2 //• ^ H^. 

Or secondary changes are taking place according to equations (V, VI ): 
VI. C^fh+H' ^ (JH,+ CH,, 

In the instance V the result is the same as the activation in the 
sense of the equations 1 and TI. 

3. According to Bonhoeffer and Harteck (Z. physikal. Chem. 
1928, 139 y 64) the hydrogenation of ethane by atomic hydrogen and 
formation of methane from ethane in this way proceeds according 
to equation VI. It is thus possible that the ruptui'e of the bond (C — C) 
in this instance was caused exclusively by atomic hydrogen, and not 
by collision with an active atom of mercury. 

The formation of higher h^ydrocarbons takes place probably in an 
analogous way. 

4. Another course of the reaction is also theoretically possible, e. g.: 

cy/e 

but this would cause an increase of the gas i)ressure, which would 
be at variance with the experimental result. 

5. S. Tottoczko (1. c.) calculated also the order of the reaction 
of condensation of ethane. From this calculation (agreeing within 3*5% 
with the measurements 1. c.) it follows that the reaction is a termole- 
cular one. This suggests the hypothesis, that the formation of the 
molecule from the radicals takes place according to the following 
scheme: 

radicals hydrocarbon 

and thus can occur only in consequence of a collision with another 
indifferent body Ai, in the given instance a molecule of ethane which 
takes possession of the activation energy of the radicals i?i and JKg. 

The thermochemical value of the linkages: ((7—//), (C—C) or (//—//) 
is nearly the same for the saturated hydrocarbons. For this reason 
it is really impossible to obtain only one compound, e. g. butane, 
because this also is activated as well as ethane. 
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It IB thus possible under suitably chosen conditions as described 
above, to obtain a definite constituent only in a preponderating amount. 

V. Pinal conclusions. 

1. In the presence of mercury vapour ethane undergoes a photo- 
lysis and condensation under the influence of the radiation of a mercury 
quartz lamp. 

2. In the molecule of ethane either of the linkages {C — H) and 
(C — C) may be activated. It is very probable that the bond (C — C) 
is ruptured by the action of atomic hydrogen formed in the reaction. 

3. The number of the activated linkages does not depend on the 
pressure of ethane, nor on the velocity of its flow through the reaction 
space, but depends solely upon the intensity of the active radiation. 

4. The composition of the gaseous as well as of the liquid phase 
is governed by the temperature of the receiver, and the velocity of flow 
of the gas through the reaction space: hydrocarbons with shorter 
chains being formed at higher velocities of flow and lower temperatures 
of receiver. 

5. The decrease of pressure and the amount of the condensate in 
a given time is the greater the higher is the velocity of flow of gas. 

6. Products of condensation are nearly exclusively hydrocarbons 
with an even number of carbon atoms, and, as a by-product, methane 
in a low concentration. 

7. By changing the gas pressure, the temperature of the receiver 
and the velocity of flow a condensate can be obtained composed of 
hydrocarbons with shorter or longer chains, and it is thus possible 
to influence only the direction of the reaction and not the number 
of the activated linkages. 

8. The detailed mechanism of the photochemical change of ethane 
corresponds with equations given in part IV of the present paper. 

The First Chemical Institute of the 
John Casimir University, Lw6w, Poland. 



THE CHARACTERISTICS OF PRASEODYM*) 

by BOHUSLAV BRAUNER. 

The element Praseodym**) was discovered by the present author^), 
by comparing the absorption spectra of the decomposed old didym. 
The compounds of Praseodym were isolated in the pure state by 
Auer V. Welsbach®) in 1886 by Mendeleev’s*) method, but 
neither Mend f life V, nor Brauner was quoted byAuer in his arcanic 
paper. 

Isolation. Up to this time cerium was the only rare earth-element 
that could be separated from the other elements of its kind by the 
Bunsen-Brauner method. It was found that Pr could be separated 
from iron, which always contaminates all rare earth-ammonium 
nitrates, by mixing the nitrates with six times their weight of a 
mixture of potassium and sodium nitrates and fusing at 350® when 
Fe^Oi separates out. The ordinary method of using oxalic acid never 
gives such a sharp separation. By the same method if the fusion be con- 
tinued long enough every trace of cerium separates out as CeO^. This 
method permits the separation in the form of PrO^ from La, even if the 
latter be present in considerably large quantities and no La passes into 
the insoluble higher oxide PrO^ or Prfix- As the oxides of Fe and Ce 
separate sometimes in a colloidal form, the precipitate should be 
washed with a concentrated solution of ammonium nitrate. 

The filtrate from PcgOj and Ge^Oi is then concentrated and the 
solid residue obtained is then fused again to about 415® under con- 
tinual stirring. The green solution is converted into a black mass and 
when a sufficient quantity of Pr^O^ has separated out, the flame 

*) An abstract from the author’s article “Contribution to tho chomistry of 
praseodym” published in Czech in the Jubilee volume edited by the “Oeska 
Akademie V6d a umSni” in honour of the 70th birthday of Professor Charles 
Vrba, Nov. 16th, 1916. 

**) The present author prefers to use the original name without the ending 
— ^ium, »noe the original, derived in a peculiar way from the greek words 
pramnwi and didymoi, does not permit a latin ending. 
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under the dish is removed and the liquid together with the black 
precipitate is agitated with a glass rod into a rotatory motion, so that 
the black oxide is separated from the dark green liquid in the form 
of a heap in the middle of the rounded dish. While still hot the clear 
dark green liquid portion may easily be poured off and after cooling 
the precipitate remaining on the bottom is collected on a filter, and 
washed with small quantities of water, containing ammonium nitrate 
until the filtrate does not give any precipitate by oxalic acid. 

Purity of Prmexdym. Part of the black precipitate which, as will 
be shown later, consisted of pure Pr^O^, was dissolved in concen- 
trated hydrochloric acid and the spark spectrum of the chloride 
formed was examined before a powerful spectroscope. It was found 
that the spectrum of praseodym alone was shown without any trace 
of a foreign line and especially it was free from a trace of lanthanum. 

Atomic weight of Praseodym, The atomic weight of Pr was found to 
be of the order of Pr— 141. Brauner and Svagr*) obtain Pr^'140*94 
contrary to other chemists, who invariably find a lower number, 
viz. Pr -“143*6— 140*8 (Auer); 140*46 (Jones)®); 139*72— 140*16— ' 
— 140*53 (v. Schiele)®). Baxter and Stewart’) find Pr = 140*92, 
140*932 and 140*924 number, identical with that of Brauner when 
they apply a correction for the small quantity of Ce (circa one p.c. 
present, but none for the iron, invariably present; yet it is not seen 
how the quantities of Ce present could be exactly determined. 

Control of the atomic weight of praseodym by the ebullioscopic method 
made with the trichloride, 

Praseodymtrichloride was prepared by placing the oxalate into 
a little platinum boat made by the present author from a very thin 
platinum foil soldered with gold and passing over it, at the beginning 
at low temperature which rises without heating, pure, anhydrous 
hydrogen chloride, until no oxalic acid was evolved and then gra- 
dually heating the anhydrous chloride up to its melting point. After 
this, the hydrochloric acid was replaced by hot air. Meanwhile Beck- 
mann’s apparatus was prepared, in which, after most careful drying, 
a weighed quantity of Kahlbaum’s fresh absolute ethyl alcohol 
was placed. 

After the determination of the boiling point one boat containing 
anhydrous PrCl^ was placed into the apparatus. But a surprisingly 
low number il!f = 179 was found instead of 247*3= molar weight of 
PrCl^, A second portion of the anhydrous chloride yielded a nearly 
normal rise of the boiling point, from which it was concluded that 
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the first portion of the anhydrous chloride removed traces of water, 
which could have come from the apparatus or from the air and prob- 
ably also from the ethyl alcohol itself. The determination of the 
molecular weight was repeated by another series of three experiments 
with the same results as above. For the constant of ethyl alcohol, 
Muthmann’s number 1300 was taken. The following results were 
obtained: 


L 

S 

/t 

M 

A. 1. 20-87 g 

0*2441 g 

0-085® 

179 ! 

2. 

0*2363 g 

0*0620 

237 

B. 1. 24-10 sr 

0*2329 g 

0*079® 

159 ! 

2. 

0*2480 g 

0*060® 

223 

3. 

01508 g 

0*034® 

239. 


Neglecting the numbers 179 and 159, three numbers were obtained: 
237, 223 and 239 which are of the same order as the molecular weight 
PrCl^ = 247*3 which corresponds to the atomic weight Pr -- 140*94. 
If the numbers found, especially 237 and 239, are a little lower than 
the theoretical one it is easily explained, as mentioned above, by 
the trace of humidity in the apparatus and in the air. To-day hardly 
anybody will doubt the trivalency and tetravalency of praseodym, 
Pr== 140*94. 

Another proof of the correctness of the atomic weight of praseo- 
dym follows from the theoiy of electrolytic dissociation. Braun er 
and Svagr^) found that the difference of the electric conductivity 
of an aqueous solution of praseodym sulphate, between the dilutions 
1024 — 32 equals 53*56 resp. 50*21 and these numbers are in accord 
w ith — though somewhat low^er than — the number 2x3 val. X 10 - ~^60 
for a sulphate of a tri valent element with the atomic weight 141, 
as required by the Ostwald-Walden rule. 

As regards the relation of the atomic weight of praseodym to the 
original form of the Periodic System given by Mendeleev, it was 
impossible even to its author to foresee or predict the existence and 
properties of this element. Moreover the discovery of a series of new 
elements brought into the original System an unexpected enrichment 
of ideas. The author of the present paper has shown already in 1881, 
that the elements of the rare earths must be placed not only in the 
series, as a continuation of cerium, but also in the 9^*^ and 10^^ 
series up to tantalum. All newly discovered elements of this kind 
have been placed in the empty places, up to hafnium — an arrange- 
ment, accepted by many modem authors. 
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The oxides of praseodym. 

Praseodym forms two kinds of oxides, and 

The oxide Pr^O^ posesses a garlic-green colour and on heating 
it becomes black; Auer ascribed to this peroxide the form Prfi^. 
It was shown by Brauner that this is a double oxide, composed 
of Prfi^+ Pr20^. The latter oxide is black. Brauner prepared it 
in the pure state by fusing the nitrate of the trivalent praseodym 
with potassium and sodium nitrate at Two methods were used 
for the analysis of this higher oxide which was used with advantage 
for the direct separation from cerium and also for a direct separation 
of praseodym from lanthanum. 

a) The first method consists in the action of higher praseodym 
oxide upon ferrous salts, which are oxidised into ferric salts, or Fe'* 
into Fe'*\ In a neutral solution this i*eaction proceeds very slowly, 
but takes place more readily in an acid medium. The salts of the 
tetravalent praseodym, which would answer to the yellow or orange 
coloured salts of tetravalent cerium have not yet been isolated. The 
higher oxide, say Pr^O^, dissolves in sulphuric or nitric acid, under 
evolution of ozonised oxygen, or in hydrochloric acid under evolution 
of chlorine. (On crystalizing the salt HPr™^Ce^^^ 
beautiful yellow crystals of H^O after the first salt 

separated out. On analysis it was found that the oxide CeO^ was not 
white or yellowish-white but it was dark brown, which colour proves 
that the salt contained a fairly large quantity of praseodym. It is not 
improbable that the ceric sulphate contains an admixture of the 
isomorphous salt existing only in the presence 

of the ceric salt, but the author was unable to prove this, with 
the small quantity of the salt remaining^ in his possession.) 

For the analysis a weighed quantity of the black oxide dried at 130® 
was brought into a beaker with 60 ccs of ferrous-ammonium sulphate 
of known content. After this, very dilute sulphuric acid was added 
under continual stirring, so that no visible bubbles of escaping oxygen 
or a smell of ozone could be noticed. After complete dissolution 
of the oxide, the surplus of the ferrous salt was titrated back with 
permanganate. The weight of the black oxide was 0*4432 g, the ferrous 
ammonium salt alone required 45*61 cc5 of njlO KMnO^ and the 
quantity which was not used for oxidation was 21*06 ccs njlO KMnO^, 
so that 24*55 ccs njlO KMnO^ was used for the oxidation of the black 
oxide which contains as much active oxygen, as is the black oxide, 
or as consumed by the oxidation of Fe' to Fe*\ therefore 0*00992 g 0. 
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The quantity of in the original black oxide is 0-42266 g and its 
surplus of oxygen equals 0-00968^ whereas the experiment has shown 
0-00992 g oxygen. The relation of the lower and higher oxide is there- 
fore 1-00 : 1-0465, whereas the theory requires 

PrgOa : 1-00 : 1-0485. 

The difference of -4-0-2 5^0 or + 0-00024 g 0 may be due to some 
unknown error, but the experiment proves that the real composition 
of the higher oxide is Pr^O^ strictly analogous to Ce^O^^. Scheele does 
not approve the method used by the author, for he evidently used 
a stronger acid and no stirring. 

b) The second method used for the analysis of the higher oxide 
was a slight modification of that described by Bunsen, i. e. 
the action of HCl + KI in a closed vessel and titrating the iodine 
set free with sodium thiosulphate. This method with a slight correction 
yields exact results and was used for the determination of the quantity 
of oxygen surplus in the highly heated trioxide in atomic weight 
determinations, the two oxides furnishing generally the compound 
2 Pr^O ^ . 3 Pr^O, - 

Is the oxide Prfi^ an ozonide or anfozonide? 

This question interesting theoretically, has been answered by the 
authors of papers regarding the chemistry of praseodym in either 
the one or in the other way, but was never answered by exact expe- 
riments. 

The first experiment was made by Baresville’s reaction. The black 
oxide was treated with potassium dichromate, ether and sulphuric acid 
and after shaking, the deep blue colour of the ether appeared. From 
this, the author wTongly concluded, that the oxide was an “anto- 
zonide”, i. e. an oxide of the type of hydrogen peroxide, for a new 
test with ether alone gave, examined as above, the same deep blue 
colour. Fresh ether together with Pr./)^ gave now no blue colour. 
The oxide Pr/)^ has, therefore, not the same constitution as BaOg. 

The above-mentioned higher oxide Pr^O^ oxidises hydrochloric acid 
to chlorine which points to the fact, that it is an “ozonide” or an untrue 
peroxide. A definite proof was given as follows: 

d ) Qualitative test. It was shown by the following test that hydrogen- 
peroxide is not produced by the action of acids on Pr^O^. Some of this 
higher oxide was put into water, one cc of w/lO KMnO^ was added, 
and then sulphuric acid drop by drop. The permanganate is not 



reduced in the cold or warming and the black oxide dissolves under 
evolution of a strong smell of ozone. 

The oxide was placed into some dilute sulphuric acid and 

ether was added. When some more of the acid was added, the evolution 
of oxygen was more intense, but the catalytic reaction was not so 
rapid as it was, when PWJg or MnO^ were submitted to ether and to 
a less quantity of the acid. But even with the oxide Pr^O^ the reaction 
come an end in a few minutes, i. e. a green solution was obtained, 
whereas the same small quantity of without takes some 

hours to dissolve the black oxide.*) 

b ) Qwmiiiaiive teat. The solution of hydroperoxide was one of 1-3 p. c. 
and from this by means of a precise narrow pipette 1*50 cc was taken 
which required for oxidation 24*53 ccs njlO KMnO^, Then 0*3123 g of the 
black oxide, which was prepared by calcination of the oxalate in 
air, and which according to an analysis contained for 100 pts. Pr/)^ 
3*19 pts. of active oxygen, or 0*00968 g, was used. This oxide was 
placed in water, to which 1*50 cc of hydrogen peroxide was added, 
after which on continual stirring, dilute sulphuric acid was added 
drop by drop until a clear, green solution was obtained. The unde* 
composed hydrogen peroxide required 12*13 cca of ?^/10 KMnO^ for 
oxidation and therefore the quantity of decomposed cataly- 

tically corresponds to 12*40 njlO KMnO^, As the active oxygen 
of the acid permanganate is equivalent to the active oxygen of 
the hydrogen peroxide, the quantity of this oxygen equals 0*00992 gr. 
The black oxide contained 0*00968 g active oxygen, so that both 
numbers are practically identical. The excess of 0*00024 g found is 
certainly due to experimental errors. 

From the above experiment it follows that the catalytic reaction 
during the process is: 

Pr^\0, + A + 3 + Aq^ Priiy + 0^+ 4: H/) + Aq. 

The experiment has definitely proved that the higher, black oxide 
Pr^Oi is an ozonide, or a derivative of the type of water; from this 
it follows that praseodym is in this form tetravalent. Only from this 
point of view it is understood that the fourth ozonic oxygen in PrjO^, 
oxidises the chlorine ion of hydrogen chloride to free chlorine, that 
in acid solution the trivalent ion (7e‘*‘ is oxidised to the tetravalent 

♦) This moderate reaction is connected with the fact, that the molvolume 
of PrjO* is 46*7 ccs, whereas that of Pr^O* is 57*9 ccs. The difference of both 
numbers is very great, for one g oiO occupies 11*2 ccs. 
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ion Ce^*\ that it oxidises divalent manganese to heptavalent: and 
that in contact with a solution of strychnine in concentrated sulphuric 
acid, it produces the characteristic blue-violet coloration without 
any side-reaction. A true peroxide, derived from hydroperoxide 
cannot behave in this manner. 

The above study indicates that the element praseodym should 
stand, in the periodic system, behind and in the fifth group, 
as was assumed by Brauner already in 1S78, i. e. 55 years ago. 
The chemical behaviour of praseodym shows that it is a kind of 
“mock-cerium’’ but as it is only positively tetravalent, its position 
in the fifth group points to an anomaly in the form of the periodic 
system, as was hitherto assumed by Mend 616 ev. The molvolume of 
1^0^ is 46*7 CX8, that of Pr^P^ is 57-9 cc5 and that of 0^^, 
divided by 5, ™ Prg is 50-7. A calculation shows that in the union 
of 2 PrgOg+S Pr204 a contraction of 2*74 ccs has taken place, from 
which it follows that the oxide Pr^p^^ is not a mixture of the two 
oxides, but their compound, Pr^ 0^ being less basic than Pr^O^, i. e. 
playing the roll of a week acid. 

On heating the oxide Pr^Pi^ in a stream of hydrogen a reduction 
to the green oxide takes place which is always heavier than it ought 
to be whilst Ce^ O4 is reduced in hydrogen to a mixture of CeP^^^ +<76203, 
a black mass which in the air burns to Cep^. Any higher oxide of 
praseodym heated strongly in a platinum crucible yields the oxide 
PrioOi8 on cooling; yet on heating such an oxide over a blowpipe it 
loses its black colour as well as its excess oxygen completely and PrP^ 
remains as was proved, when the access of gas was at once interrupted 
and the crucible quickly cooled by a strong current of air. The 
present author ascertained in the crucible the oxide PrP^, which 
possessed a pale chamois colour. 

The oxide of neodym, obtained by burning the oxalate in oxygen 
possesses also the composition NdzO^, for on heating it in a current 
of hydrogen, and collecting the water obtained, the weight of 
the oxide and that of the oxygen calculated from the water was 
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OXIDATION DBS SELS THALtEUX EN THALLIQUES ET RE- 
DUCTION DES SELS THALLIQUES PAR L’ARSENITE DE SODIUM 

par F. CtTTA. 

La reaction des sels thalliques avec Tarsenite de sodium a ete pro- 
posee par Berry^) pour le dosage titrimetrique du thallium. 

Dans ses essais, il dissolvait I’oxyde thallique dans I’aeide sulfu- 
rique dilu6, neutralisait la solution obtenue par un exces de carbonate 
de sodium acide et y ajoutait I’ars^nite de sodium en quantite sup^- 
rieure celle qu’exige le schema 

TV" + AsO^'" + TV + AsO^” + 2 1. 

Pour d<5terminer Tarsenite non consomme, il le titrait soit au 
rnoyen d’iode, soit au moyen d’hypochlorite de sodium. Dans le pre- 
mier cas, I’indicateur etait constitud par I’empois d’amidon, dans 
le second, par le trouble d’hydroxyde thallique apparaissant la fin 
du titrage. 

Cette m^thode donnait k Berry des r^sultats regulierement de 
O i) a 1 % inftrieurs k ceux exiges par le calcul, et I’auteur se les ex- 
pliquait par les impuretes de son oxyde thallique qu’il n’a pu, malgre 
tous ses efforts, preparer I’^tat compl^stement pur. D’apres les analy- 
ses efiectu^es, d’une part, volumetriquement par reduction au moyen 
d’ars^nite de sodium et de sulfate de fer, d’autre part, en pesant I'io- 
dure thalleux pr^cipite par I’iodure de potassium apres reduction 
pr^alable I’acide sulfureux, ses produits renfermaient respectivement 
84-4, 85'9, 87-6, 87-9% de thallium, alors que la teneur theorique 
aurait dd dtre 89-6% de Tl. Berry constata d’ailleurs que son oxyde 
thallique 6tait accompagnc de composes thalleux, car ses solutions 
r6duisaient le permanganate. 

Les donn^es expdrimentales de Berry ne permettent pas facilement 
de decider si la variability des r4sultats est due d la dyfectuosity de 
son ytalon ou si dans I’oxydation de I’arsynite intervient une reaction 
secondaire d^figurant le rapport stychiomytrique des deux corps 
ryagissants. On pourrait admettre oe deuxiyme cas d’autant plus 
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facilement que Ton trouve d^crites dans la litt^rature des m^thodes 
bashes, elles aussi, sur la reduction des sels thalliques et dans lesquelles 
on arrive au rdsultat d6finitif seulement au moyen d’un coefficient 
empirique.*) 3) C'est ce qui m’a determine k 4tudier la reaction d’une 
manifere plus approfondie sur une autre substance etalon. 

Mon choix s’est porte sur le carbonate de thallium, car la determi- 
nation de son aloalinite avait montre que sa composition r^pondait 
exactement k la formule Tl^CO^^) Je preparais mes solutions de sel 
thallique a partir du sel thalleux respectif (obtenu par action de Tacide 
sur le carbonate thalleux) en oxydant par un faible exces d'eau de 
brome. Apres expulsion de Texces de brome au bain-marie, j’ajoutais 
un exces d’arsenite de sodium et j’acceierais la reduction en chauffant 
au bain-marie. J’effectuais la reaction en milieux respectivement 
acide, bicarbonate et plus fortement alcalin. Apres neutralisation 
eventuelle, j’ajoutais du bicarbonate de sodium, puis la quantite 
d’iodure de potassium juste necessaire pour precipiter le sel thalleux 
forme et, enfin, je titrais Fexces d’arsenite au moyen d’iode. 

J’ai trouve que Foxydation des sels thalleux par le brome est quanti- 
tative et que les solutions des sels thalliques ainsi formes sont stables 
en presence d’un exces d’acides chlorhydrique ou bromhydrique, 
comme aussi pendant un chauffage prolonge. De plus, j’ai pu constater 
que la presence des acides sulfurique, phosphorique et perchlorique 
determine une decomposition partielle du sel thallique primitivement 
forme. Cette decomposition se laisse exprimer par la reaction de Fion 
Tn avec Feau: 

2 Tr +2H/) 2 TV + 0^, 2. 

qui dans le cas du chlorure ou du bromure est supprimee par Fexistence 
des ions complexes chloro ou bromothalliques: 

Tr +4.cr TlCl^', 3. 

plus stables, d’apres les resultats experimentaux, k temperature eievee 
que ne le sont les sels thalliques simples. 

Le fait qu’on obtient des resultats trop bas lors de I’evaporation 
du brome apres Foxydation des sels thalleux au moyen d’eau de brome 
en presence d’acide sulfurique, est signaie deja par Marshall’) qui 
Fexplique en admettant un dedoublement du bromure thallique en 
brome et bromure thalleux. 

Ajoutons toutefois que cette explication n’est pas d’accord avec les 
resultats experimentaux de mon travail. 

En ce qui concerne la stabilite des sels thalliques en solutions aqueu- 
ses etendues, une rapide recherche bibliographique n’a pas reveie de 
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donn^es. D’aprfes Mellor, A. La my aurait trouv4 que Toxyde thalli- 
que se dissout dans Tacide sulfurique froid sans decomposition, alors 
qu’li chaud il perd de Toxygene avec formation de sel tlialleux. L acide 
chlorhydrique froid donne, d’apres le mfeme auteur, le chlorure thalli- 
que, tandis qu’a chaud une decomposition pent avoir lieu.®) La 
decomposition possible par la chaleur du sel thallique en solution 
pourrait Stre verifiee en mesurant Tequilibre chimique entre le sel 
thalleux, le sel thallique et Toxygene. L’azotate thalleux s’oxyde a la 
temperature ordinaire par I’oxygene sous la pression de 1 atmosphere 
jusqu’^l la proportion de 2%.«) Le produit forme represente un me* 
lange en equilibre, ce qui veut dire qu’une solution d'azotate thallique 
se decomposera. La meme conclusion peut s’appliquer au sulfate, 
au phosphate et au perchlorate thalliques qui, de meme que Tazotate, 
n’engendrent pas d’ions complexes. 

D’apres mes experiences il est possible d’utiliser la reduction des 
sols thalliques i)ar Tars^nite de sodium pour la titrim^trie du thallium, 
s'il est present sous forme trivalente. On calcule avec Tequivalent 
d^nluit du schema 1 signale plus haut. 

Partie experimentale. 

Le plus grand soin a ^te apporte a la preparation du carbonate 
thalleux pur. La matiere premiere etait dans un cas le thallium 
metallique, dans Tautre, le sulfate thalleux, tous les deux etaient 
des produits Merck. Le thallium a et^. dissous dans de Tacide azoti- 
que, et le sel obtenu a 6t6 recristallisd deux fois. L’azotate pur a etc 
transform^ en sulfate par evaporation avec de I’acide sulfurique. 
Dans cette operation il s’est form^ un peu de sel thallique, dont la 
presence se trahissait, lors de la dilution, par un trouble brun et qui 
a 6te ^iimin^ en saturant la liqueur par de I’acide sulfureux. L'exc^s 
de celui-ci a 6t6 expuls^ par ebullition. On obtint ainsi, partir du 
thallium metallique, une solution de sulfate thalleux pur. 

Le sulfate thalleux du commerce, mis en ceuvre dans une autre 
preparation, a 6t6 purifi6 par deux recrii^tallisations. 

La solution pr^par^e au moyen des sulfates purs (separ6ment) a ete 
dilute, puis pr^cipitee k chaud avec un faible exces de bar3rte caustique. 
La solution d’hydroxyde thalleux formee a ete saturee de gaz carbo- 
nique pm jusqu’ii reaction acide vis-i-vis de la phenolphtaieine, et 
evaporee au bain-marie. Les cristaux de carbonate qui se sont deposes 
par refroidissement ont ete separes k Taide d’un filtre k vide d’lena. 
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Le produit a 4t4 dissous dans Teau k la temperature du bain-marie 
bouillant et dilue de mani^re k obtenir une solution satur^e k 40®. 
Cette dernifere a 6t6 soumise k une cristallisation troublee. L’eau mfere 
a ete concentree moderement et trait^e de la meme fagon. L’une et 
I’autre portions de cristaux ont 6t6 rejetees. Au cours du travail il a 
ete observe, en effet, que les carbonates thalleux prepares par cris- 
tallisation lente, se tachent, lors de la dessiccation entre 100 et 105®, 
de petits points noirs qui apparaissent aux pointes de certains cristaux. 
Les fractions medianes du produit obtenu par cristallisation troublee 
ne presentaient pas ce phenomene. Les deux portions ulterieures de 
carbonate thalleux ont ete obtenues en concentrant la solution a la 
temperature du bain-marie presque it saturation et en la soumettant 
aprfes it la cristallisation troublee. Le produit a ete recristallise deux 
fois dans Teau chaude. Le produit final constituait de menus cristaux 
blanc pur qui ne changeaient d ’aspect pas meme apres un sejour 
prolonge au dessiccateur it 100 — 105®. 

L’alcalinite du produit a ete verifiee par titrage avec Tacide sulfu- 
rique de titre connu et determine par rapport au carbonate de sodium 
prepare d’aprfes SOrensen. L’equi valent rationnel du carbonate 
thalleux employe dans les calculs etait=- 234*3834. L’equivalent du 
thallium pour Toxydation d’apr^s le schema 1. est de 102*195, d’oii 
il vient 117*1917 pour le carbonate thalleux. La teneur en thallium 
calcuiee du Tl^CO^ est 87*204 ®^. 

L’anhydride arsenieux employe etait un produit Merck pro analysi. 
Il a ete seche a 150®. Le residu apr^s la sublimation de la matiere 
volatile pesait 0•122®^, ce qui montre que le produit etait de 99*878%. 
Pour les essais stathmometriques ce produit a ete resublime une nou- 
velle fois. La solution d’arsenite a ete pi-eparee d’apres les indications 
de Kolthoff. 

Les chlorures de potassium, de sodium et d’ammonium etaient des 
produits Merck pro analysi. 

L’iode employe etait un produit deux fois resublime. L’iodure de 
potassium etait un produit Merck pro analysi, avec lequel la recherche 
de Tiodate a donne un resultat negatif. 

Le ballon jauge et les burettes ont ete verifies avant de s’en servir. 

La solution d’arsenite .a ete compietee k la temperature de 15®, 
parce que la correction du volume relative k la temperature n’a pu 
etre introduite par suite de son indetermination. On operait avec les 
solutions a la temperature de 20 k 22®. Vu que dans le cas de la solution 
d’iode il n’a pas non plus ete possible d’introduire les corrections de 
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temperature, je procedais de la maniere suivante: En preievant la 
solution d’arsenite destinee aux essais de chaque serie, je preievais 
en meme temps le volume de solution d’arsenite necessaire k determi- 
ner le titre de la solution d’iode. Ce dernier n’a pas ete titre imm^dia- 
tement, mais seulement avec toute la serie d’essais apres la fin de la 
reduction. Si, lors du titrage k I’iode, la temperature du laboratoire 
etait autre que pendant le preievement de la solution d’arsenite, 
I’influence de cette variation de volume se trouvait comprise dans le 
chiffre indiquant le titre de la solution d’iode. 

titre de la solution d’iode a ete determine, d’une part, })ar le 
precede habituel, d’autre part j’ai fait, dans chaque s^rie d’essais, uu 
essai temoin oil j’ai additionne la solution d’arsenite de toutes les 
substances que j’avais ajout4, au debut, au sel tlialleux (sauf I’eau 
de brome), et je lui ai fait subir toutes les operations qu’avait subi le sel 
thalliquc a partir du moment oil j’y avais verse I’arsenite. Lc tableau 
1 montre jusqu’a quel degre les deux valeurs s’accordaient. 


Tableau 1. 


Arson ii(* on cc 

(/onsommation 
<l’iodo on cc 

Va!(»ur do la 
solution d’iodo 

ojx^rtttoirc 

3005 

30-19 

0-09953 

avec TlCl 

30-0() 

30-18 

0-09900 

sans TlCI 

30-20 

30-52 

0-09895 

avec TlCl 




et Na(U 

30-00 

30-32 

0-09894 

avec Tl^SOi 




et Na^SO^ 

30-37 

30-59 

0-09902 

sans sel thalleux 

28-00 

20-40 

0-10000 

sans sel thalleux 

28-00 

20-40 

0-10000 

avec TlCl 


Dans tons ces essais j’ai suivi le mode operatoire indique plus haut 
que je vais d’ailleurs completer des details suivants : Le volume de la 
solution avant I’oxydation variait entre 300 et 400 cc, L’eau de brome 
a ^.te ajoute, en agitant et jusqu’lt faible coloration jaune, seulement 
apres complete dissolution des corps presents. 

L’oxydation avait lieu instantan^raent. L’exces de brome a ete 
chasse au bain-marie; apres la disparition de la teinte jaune j’ai 
continue le chauffage pendant deux heures afin d’eliminer les der- 
ni^res traces de brome et d’acide hypobromeux. Je veillais k ce que le 
volume de la solution ne s’abaiss&t pas, par suite de I’evaporation, 
k moins d’un tiers. 
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En effet, si T^vaporation est pouss^ jusqu’i commencement de 
cristallisation des sels, on obtient des chiffres un pen plus faibles. 

Le schema 1 montre que la reaction produit des ions hydrog^ne. 
Conform^ment k la loi de Guldberg-Waage on pourrait s’attendre 
k ce qu’une concentration 41evee de ces ions ne fut pas aussi favo- 
rable k la reduction que les concentrations plus faibles telles qu’on 
les trouve en milieux bicarbonate et alcalin. Pour cette raison la 
reduction aeteoper^e dans les trois divers milieux, acide, bicarbonate 
et alcalin. 


I. Reduction en milieu acide. 

La solution de sel thallique forme par oxydation en milieu acide 
en presence ou non de chlorures, debarrassee de brome, a ete etendue 
k 350 — 400 cc, puis reduite par une solution N/IO d’arsenite dont on 
prenait, au debut, la quantite double de la theorique, plus tard, seulement 
un exces de quelques centimetres cubes. J’ai constate, il est vrai, 
que la concentration du sel thallique n’a pas d^mportance, mais il 
s’est montre avantageux d’operer avec le volume en question. La 
reduction a 6te activee par un sejour de 2 heures au bain-marie, 
plus tard, j’ai constate qii'iine demi-heure de chauffage suffit tout 
a fait- 

1. Essais avec les sels thalliques sans addition de chlorures. 


Tableau 2. 

a) chlorure et bromure thallique. 


No 

gr do TltCOa 
mis en <x*uvre 

Acide 

Consommation d’arsenite 
e'n cc 

calculeo trouveo 

% do Tl df 
ThCO, 
(th6orio 87-: 

1 

00255 

20 cc HCl sens, n 

2-176 

2-18 

87-36 

2 

0-2158 


18-414 

18-41 

87-18 

3 

0-4003 


34-158 

34-18 

87-26 

4 

0-5993 

1 j 

51-139 

51-19 

87-29 

5 

0-0211 

20 cc de HCl cone. 

1-800 

1-80 

87-18 

6 

0-0516 

)> 

4-403 

4-37 

86-55 

7 

0-2080 

i> 

17-749 

17-75 

87-20 

8 

0-3577 

ft 

30-523 

30-45 

86-99 

9 

0-6240 

ft 

53-247 

53-19 

87-11 

10 

0-1063 

50 cc de HBr sens. 

n 9-070 

9-09 

87-38 

11 

1-0007 

ft 

85-391 

85-47 

87-28 
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Les r^sultats sont done satisfaisants. II est vrai que les valeurs 
indiquant le pourcentage varient sensiblement, mais cela est du 
a r^quivalent elev4 du thallium. Une influence perturbatrice de la 
forte acidity du milieu {HCINI2) ne se fait pas sentir (voir les essais 
5, 6, 7, 8, 9). 

h) Si Tacide chlorhydrique se trouve remplac^ par les acides sul- 
furique, phosphorique, perchlorique, les resultats sont tout differents : 


Tableau 3. 


gr d« n,CO, 
mis fn CBuvrc 

Acicle Consommation 

calciileo 

cTarsonifce 

trouv6e 

00177 

20 CC de SO^ sens, nh 

1-51 

1-26 

00596 

5) 

5-08 

4-61 

0-2028 


17-30 

16-31 

0-3494 

5“* 

29-81 

28-34 

0-6259 

1 T 

53-40 

51-29 

0-0100 

40 cc de H^PO^ sens, m /3 

0-85 

0-61 

0-0391 

5) 

3-33 

3-08 

0-1364 

•>y 

11-63 

10-92 

0-3098 

)) 

26-43 

25-51 

0-6330 

>» 

54' 01 

53-16 

0-2266 

40 cc de HCIO^ sens, n/^ 

19-33 

18-26 

0-2367 

j) 

20-19 

19-50 

0-2208 


18-83 

17-76 


Ces resultats permettent de conelure ou bien que Toxydation 
ne s’aceomplit pas quantitativement, ou bien que le sel thallique 
forme par Toxydation complete se decompose sous Taction de la 
chaleur. Pour decider entre ces deux possibilites (dont la premiere 
ne parait pas vraisemblable), la majeure partie du brome en exces 
a ete evapor^e au bain-marie et la solution faiblement jaune a ete 
abandonnee d’abord au bain-marie jusqu’a refroidissement, puis 
k la temperature ordinaire pendant deux jours, apres quoi on a precede 
comme ci-dessus. 

Tableau 4. 

gr de Tl^SO^ a Consoramation d’arsenite en cc 

mis en muvre Aciao calcnl6e tronvee 

0-1032 5 cc de n 8*177 8 18 

0-4736 25 cc „ 37-525 37-42 

0- 6605 35 cc „ 52-333 52-16 

1- 4653 80 cc „ 116-100 115-86 





Les differences entre les oonsommations d’arsenite calcuiees et 
trouvees s’accroissent avec la concentration et parlent en favour 
d’une decomposition du sulfate thallique sous Taction de la chaleur. 
Si Toxydation par le brome se faisait quantitativement, les differences 
pour des poids egaux de TljOO^ mis en oeuvre serait approxima- 
tivement egales, car le brome et Tacide hypobromeux avaient ete 
compietement chassees de la solution, ce qui a ete constate au moyen 
de carmin d'indigo qui se decolore mSme par des traces de brome 
et cela indifferemment en presence de sels thalliques ou en leur ab- 
sence. Cette serie d’essais montre de plus que Texpulsion du brome 
ne convient pour Tanalyse pas meme en prenant toutes les 
precautions. 

2. Oxydation des sels thalleux en presence de chlorures 

alcalins. 

Le fait que le chloriire thallique prepare avec un exces d’acide 
clilorhydrique a donne des resultats satisfaisants lors de la reduction, 
a permis de conclure que les autres sels thalliques, qui se decomposent 
a eux seuls sous Taction de la chaleur, seraient proteges centre cette 
decomposition pendant le chauffage par la presence de Tion chlorc. 

Pour cette raison j ’ajoutais au Tl^CO^ des quantites determinc^es de 
chlorure, je diluais par de Teau, j’acidulais et, pour le reste, je proce- 
dais comme il a ete dit plus haut. Les resultats obtenus se trouvent 
rassembles dans le tableau qui suit. 



Tableau 5. 




qr de 



CoriBommation 

% do Tl 
dans 
TljCO, 
(tWorie 
87-204) 

TkCOi 
mis on 
aiuvre 

Acidc 

Ohlorure 

d’arsenite en cc 

calcuiee trouvee 

0-0482 

40 cc de H280^ sens, n 

lOgrKCl 

4-112 

4-13 

87-56 

0-1257 

> j 

yy 

10-726 

10-76 

87-48 

0-3122 

>> 

yy 

26-644 

26-65 

86-90 

0-6029 

>> 

J' 

51-446 

61-31 

86-97 

0-1864 

50 cc ,, 

5grNHtCl 15-905 

16-90 

87-17 

0-1785 

» » 

5grNaCl 

15-231 

16-24 

87-26 

0-5764 

40ccde£f3PO48ens. wi/g 

lOgrKCl 

49-185 

49-16 

87-16 

0-6294 


yy 

53-707 

63-69 

87-18 

0-2014 


33 

17-186 

17-13 

86-92 

0-2750 

20 cc de HClOi sens, n 

yy 

23-466 

23-43 

87-08 

0-2716 

5) 

yy 

23-167 

23-19 

87-29 

0-2714 

3 3 

yy 

23-158 

23-17 

87-24 
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II r^ulte de ces essais que la conclusion tir^e plus haut 6tait juste, 
car, si une decomposition a eu lieu dans un des essais de cette serie, 
elle etait de Tordre des erreurs exp6rimentales. La teneur moyenne en 
thallium dans cette serie est de 87-233, la teneur calculte est de 87*204. 

Comme supplement, une serie d’essais a ete faite avec le chlorure 
thallique additionne de chlorures alcalins. Pour les resultats, voir 
le tableau 6. 


Tableau 6. 


gr de 


Consommation d’arsenite 

mis en 

Aeide 

Chlorure 

en 

cc 

oeuvre 



calcul^e 

trouv^e 

0*0443 

10 cc de HCl sens, n 

10 gr KCl 

3*779 

3*77 

0*1350 

if 


11*519 

11*52 

0*2522 

»» 

,, 

21*520 

21*50 

0*6053 

a 

») 

51*651 

51*55 

0*2577 

20 cc de HCl cone. 

if 

21*989 

22*00 

0*6213 

i i 

if 

53*016 

53*02 

0*1117 

1 1 

a 

9*531 

9*54 

0*0508 

i 1 

a 

4*334 

4*34 

0*4101 

J » 


34*994 

35*00 

0*2210 

5 cc de HCl cone. 

SgrNHtCl 18-858 

18*88 

0*2303 

a 

5 gr NaCl 

19*652 

19*64 


% do Tl 
dans 

(th<5orio 

87 - 204 ) 

86*07 

87*21 

87*12 

87*03 

87*24 

87*21 

87*28 

87*30 

87*21 

87*30 

87*15 


Ainsi que le fait voir ce tableau, le chlorure de potassium ne change 
pas I’exactitude des resultats observes en son absence. 

D’autres essais avaient pour but de determiner la quantitede chlo- 
rure suffisant pour climiner Faction perturbatrice de Facide sulfurique. 
Les autres conditions experimentales etaient les memes qu’au- 
paravant. 

Tableau 7. 


gr doTl/JO, ^ 

mis en ceuvre 

, Consonunation d’ars6nite en cc 

Chlorure oalcul^e trouvee 

0*3355 25 cc de H^SO^ sens. 3 n 

1 gr KCl 

28*628 

28*66 

0*2573 

2 gj- KOI 

21*955 

21*99 

0*2766 

3gr KCl 

23*602 

23*58 


Ces essais montrent qu’une proportion relativement faible de chlo- 
rure de potassium suffit pour empecher la diminution de la forme 
trivalente lors du chauffage de la solution respective. 

Dans les essais precedents j’ai op^re avec un grand exces de HCl 
et de KCL 
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Les essais tilterieurs devaient montrer si un melange de chlorure 
thallique avec le bromure thallique ne renfermant pas un exces d’ions 
CV subit ou non la decomposition. 

Le carbonate thalleux mis en oeuvre a et^ dissous, neutralist au 
moyen d*HCl sensiblement iV^/l (indicateur mtthylorange), puis oxydt 
k I’eau de brome. Le sel thallique ayant commenct k s’hydrolyser 
apres que Toxydation fut terminee, j’ajoutais a la solution, k des 
intervalles pas trop rapproches, goutte k goutte, de Tacide chlor- 
hydrique sensiblement N/1 jusqu’a ce que la liqueur, faiblement bru- 
nfitre au debut, se fut clarifiee. 


gr de ThCO^ 
mis en ceuvre 

00974 

0-2487 

0-6458 


Tableau 8. 


Acide 

Consommation d’arstnite en cc 

calcul6e 

trouvee 

0-75 cc de HCl n 

8-311 

8-17 

1-72 „ 

21-221 

21-00 

3-23 „ 

55-107 

54-86 


Malgrt la presence d’un faible exces d’acide chlorhydrique, la 
difference perceptible entre la consommation d'arsenite calculte et la 
consommation rtelle fait voir que le chlorure et le bromure thalliques 
subissent une decomposition si leur solutions ne renferment pas une 
proportion suffisante de Cl\ 

Signalons encore les essais etfectues pour trouver la durte de chauife 
minimum lors de la reduction. 


gr do TI 2 CO 3 
mis en oeuvre 


‘Tableau 9. 

Dureo de Consommation 

Acide Chlorure chauffe d’arsenite en cc 

en minutes calcul6o trouvee 


0-1747 2-60 cc de 1^67 sens. 71 2 gr KCl 10 14-907 14*83 

0-1772 „ „ 20 15-120 15*09 


Dans le premier cas, la solution arrivee lors de la neutralisation 
au point d’tquivalence, a pris une faible teinte brune, ce qui montre 
que la reduction est restte incomplete. Dans le second cas, rien de 
pareil n'a pu etre observe, et la difference de — 0*03 pent dejii ttre 
mise sur le compte des erreurs experimentales. 

Lors de Texpulsion du brome il n’est pas recommendable de pousser 
rtvaporation trop loin meme en prtsence de chlorure. Dans ce cas, 
on trouve en effet des chiffres plus faibles, ce qui ttmoigne en favour 
d’une decomposition partielle du complexe chlorothallique en solutions 
concentrees. C'est ainsi que le chiffre suivant a ttt obtenu lorsqu’on 
avait evaport jusqu’li commencement de cristallisation des sds 
dissous : 



297 


Tableau 10. 


gr de TlfiO^ 
misen oeiwre 

0*1778 


Acido 

2*60 cc de HCl sens, n 


Chlonire 

2gr KCl 


Consommation d’arsc^riite 
an cr 

calcul^(^ trouvee 

15172 14-94 


II. R;eductions en milieu bicarbonate et en presence 
de soude caustique sensiblement NjlO, 

Dans la premiere partie du present travail il a ete montre qu’une 
concentration en ion hydrogene correspondant k un acide chlorhydrique 
sensiblement 0*5 N n’empeche pas revolution quantitative de la 
reduction (voir les tableaux 2 et 6). 

Dans les solutions k faible [H*'\ la reduction des sels thalliques 
se eomplique de I’hydrolyse dans laquelle prennent naissance des 
composes ne fournissant a la solution qiie peu d’ions TV'\ de sorte 
<|ue la reduction s’aceornplit assez lentement. Le precipit^ brun qui 
se separe lors du melange d’une solution de sel thallique avec Farsenite 
et le bicarbonate de sodium, disparait, il est vrai, a la temperature 
ordinaire, au bout de 20 minutes environ, en montrant ainsi que la 
reduction s'est accomplie pour la plus grande partie, mais il convient 
ici encore que la liqueur r<5actionnelle soit chauffe modercment pour 
que la faible proportion de sel thallicjue contenue dans Thalogcnure 
thalleux separe subisse elle aiissi la reduction. 

Une solution de NaOH N/IO prdcipite du sel thallique Thydroxyde 
Tl(OH)^ qui n’entre que lentement en reaction avec Tars^nite ajoute. 
Meme i la temperature du bain-marie bouillant et en mclangeant 
de temps a autre, il faut 3 heures environ pour que la reaction soit 
compile. 

Toutefois, si on ajoute a la solution alcaline d’arsenite une solution 
diluee neutre de sel thallique, la reduction de Thydroxyde thallique 
est assur^e des le d^but et la reaction s’accomplit au cours de quelques 
minutes. Elle est presque instantan^e si les deux solutions ont ete 
modercment chauffCes et que le sel thallique est ajoutC par portions. 

1. Reduction en milieu bicarbonate. 

La liqueur rCactionnelle de laquelle le brome avait CtC expulse par 
chauffage, a CtC neutralisCe par NaOH sensiblement A71 jusqu’a 
obtention d’un faible trouble brun, qu’on a detruit par une goutte 
de HCl Njl, Elle a CtC additionnee ensuite d’environ 10 gr de NaHCO^, 
d’un volume dCterminC de liqueur d’arsenite, puis chauffee pendant 
20 minutes environ au bain-marie, Apres refroidissement, on a ajoute 
de I’iodure de potassium ^et titrC a Tiode. 


21 * 
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Tableau 11. 


gr <le n,CO, ^ 

misen oeuvre 

Chlorure 

Consommation 
d'arstnite en cc 

calculte trouvte 

®/o de Tl 

TlfiO^ 

(Thtorie 

87*204) 

0*0938 5 cede HCl cone. 

10 gr KCl 

8*004 

7*99 

87*05 

0*1570 

>> 

13*397 

13*38 

87*09 

0*2981 

71 

25*437 

25*39 

87*04 

0*1882 

6 gr NHfil 

16*059 

16*08 

87*31 

0*1971 25 cedeH^SO^Benn. ,, 

16*819 

16*83 

87*26 


2. Reduction en presence de NaOH sensiblement NjlO. 

A la solution du sel thallique neutralist on a ajoutt environ 40 cc 
de NaOH Njl et un volume determint d’arsenite. Le tout a ete chaufle 
jusqu’li complete dissolution de Fhydroxyde thallique formt. Apres 
refroidissement, on a neutralist au methylorange par HGl sensible- 
ment iV/1 et, aprts avoir ajoute du bicarbonate de sodium et de Tiodure 
de potassium, titre a Tiode. 


gr de TlJOO^ 
inib en oeuvre 


Aeide 


Tableau 12. 
Chlonire 


0*0109 5cc de HCl cone. 10 gr KOI 

00406 

0*1507 

0*1967 „ 5grNU/U 


C^onsommation 
d’arstnite en cc 
calculte trouvte 

0*930 0*91 

3*464 3*48 

12*859 12*80 

16*784 16*79 


% dt‘ Tl 
dans TlJOOn 
(Thtorie 
87 * 204 ) 

85*31 

87*59 

86*80 

87*23 


6^ I^e sel thallique, neutralise par NaOH, a ttt introduit dans la 
solution d’arsenite etendue k 100 cc et alcalinisoe par 2 gr de NaOH. 
Apres la reduction, qui s est aecomplie tres rapidement, on a neutra- 
list par HCl sensiblement A/1, et ainsi de suite comme sub a). 


gr de 
TIJOO;, 
mis en 
oeuvre 

0*1201 

0*1950 

0*4003 

0*6512 


Acide 

2cc de HCl cone. 




Tableau 13. 


(^onsomraation d’arstnite 


C'hloruro 

en 

calculte 

cc 

trouv6e 

3 gr KCl 

10*248 

10- 18 

77 

16*640 

16-68 

77 

34*158 

34-16 

77 

55*563 

55-61 


% de Tl 
dans Tl^COz 
(Thtorie 
87 * 204 ) 

86*62 

87*41 

87*18 

87*28 


Dans le dernier essai on a du chauffer, car apres le mtlange des 
solutions il s’est stpart un prtcipitt. Mais il a suffi de 10 minutes de 
chauffe au bain-marie pour le faire rentrer en solution. 
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Des tableaux 2 — 13 il ressort que, si Ton envisage le cote quantitatif 
de la reaction, il n'y a aucune difference entreles reductions en milieu 
respectivement acide, bicarbonate et alcalin. 

Les donnees experimentales citees plus haut m’amenent a la con- 
viction que la reduction des sels thalliques par Tarsenite de sodium 
en milieu indifferemment acide, bicarbonate ou fortement alcalin pent 
servir de methode d’analyse pour doser le thallium si, bien entendu, 
il est present k I’etat trivalent. En reduisant en milieu alcalin il faut 
proceder de maniere k introduire le sel thallique dans la solution 
alcaline d’arsenite; Thydroxyde Tl{OH)^ forme est reduit deja a 
retat naissant par Tarsenite present. Si Ton alcalinise le sel thallique 
avant le melange avec Tarsenite, la reduction se prolonge irop, car 
dans ce cas c’est la suspension d^TliOH)^ qui reagit avec rarsenite. 
11 est d’ailleiirs certain que meme en combinant les divers modes 
operatoires on obtient des resultats utilisables en analyse. 

L’observation que le chlorure, le sulfate, le phosphate et le per- 
chlorate thalliques (probablement tons les sels thalliques) subissent 
une decomposition pendant le chauffage de leurs solutions aqueuses, 
me parait d'une certaine importance. C est seulemcnt la presence d’un 
exc^is d'ions Cl', qui fixent les ions TF* en donnant des ions complexes 
qui empeche cette decomposition. Pour cette raison il est 
necessaire que lorsque Texces d’oxydant (brome) est elimine en chauf- 
fant, cette operation ait lieu en presence de chlorures. Ajoutons toute- 
fois que dans les solutions concentrees I’ioii TCl^' est lui aussi de- 
compose sous Taction de la chaleur. 

Les erreurs adh^rant au mode op6ratoire en (question varient, pour 
des poids de thallium compris entre 0*0085 et 0*8726 gr. entre 0*00 
et 0*14 cc d’arsenite N/IO, Le dit ecart maximum ne s’est presents 
quhme seule fois. L’erreur moyenne du titrage, calcul^e de Tensemble 
des essais, ne fait que 0*04 cc d’ars^nite A/ 10 si Ton prend en conside- 
ration le dit ecart maximum. Si on ne le fait pas, Terreur moyenne 
est de 0*033 cc, ce qui, pour un poids de thallium correspondant a 
25 cc d’ars^nite N/lO, ferait 0*13% de thallium. 

Pour le poids de thallium correspondant a 1 cc d’arsenite cette 
en'eur moyenne serait de 3*3% de thallium. L’erreur maximum en 
pareil cas est de 1*89% de thallium. Il est done utile d’operer avec une 
prise d’essai un peu considerable. 

Le titrage de Tarsenite par Tiode comporte k lui seul une erreur de 
0*1% s’il est effectue au Ph ^ — comme Tavait ddduit Washburn®) 
de la mesure de Tequilibre chimique respectif et Thiel et Meyer®) des 
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experiences directes. Le fait que Taddition de bicarbonate aux solu- 
tions titrees garantit la Umite de [£f*] indiqu6e ci-dessus, et que quel- 
ques-unes des erreurs observees s’^cartent trop sensiblement de la 
moyenne calcul4e, m’a determine k repeter quelques dosages du 
thallium avec cette difference que les solutions d’arsenite comme 
aussi d’iode ont ete pesees au lieu d’etre mesurees. 


Tableau 14. 


gr de 
Tl^CO^ 

Acide 

Consommation d’ars^^nite 
KCl en gr 

% de Tl 

mis en 

calculee 

troiivoo (Theorie 87’204) 

oeuvre 

0*25753 

3 rc de HCl 

en milieu acide 
cone. 3 gr 21*9754 

22- 0020 

87-309 

0*24626 

,, 

„ 21*0137 

20-9527 

86-951 

0*24998 

,, 

„ 21*3311 

21-3329 

87-211 

0*2490 

5' 

en milieu bicarbonate 
Sgr 21*2475 

21-3175 

87-491 

0*2498 

» > 

„ 21*3158 

21-3036 

87-154 

0*2518 


en milieu alcalin 
Bgr 21*4864 

21-4860 

87-202 

0*2501 


„ 21*3414 

21-3739 

87-337 

0*2464 

>> 

„ 21*0257 

21-0588 

87-341 


Les resultats ne sont pas meilleurs que ceux obtenus volumetrique- 
ment, malgre tous les soins apportes a I’execution du dosage et malgre 
que I’iode ait ete introduit vers la fin du titrage en portions d’environ 
0 01 gr, Le calcul des resultats conduit a la conclusion que le titrage 
stathrnometrique des sels thalliques au moyen d’arsenite comporte 
une erreur de 0*17%, ce qui est environ le double de I’erreur qui 
accompagne la determination de la valeur de la solution d’iode signaiee 
dans le tableau 15. 

Tableau 15. 


Solution 

Solution 

Valeur do 

Mode 

op^ratoire 

d’ars^nito 
en gr 

d’iode 
en gr 

la solution 
d’iode 

24*5718 

23*8758 

0*102915 

sans sel thalleux 

24*7713 

24*0842 

0*102853 


24*8384 

24*1298 

0*102936 


25*0475 

24*3774 

0*102749 

avec TlCl 

24*9897 

24*2956 

0*102857 

>> 

24*8143 

24*0962 

0*102975 

>> 


La valeur moyenne de la solution d’iode determinee en Fabsenoe de 
TlOl est de 0* 102901, en presence de TlUl elle est de 0' 102860. On peut 
done considerer ces deux valeurs comme etant pratiquement identiques. 
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Le calcul de I’erreur moyenne dans la determination du titre d’iode 
par Tarsenite conduit au ohiffre 0-08%, tres rapproche de celui que 
donne la litterature. 

Resume. 

L’auteur 4tudie la reduction des sels thalliques par Tarsenite de so- 
dium, en milieux fortement acide, bicarbonate et fortement alcalin, en 
vue d’une application en analyse. 

Son etalon est constitue par le carbonate thallcux Tl^CO^, le sel 
thallique est prepare en oxydant par le brome en liqueur acide. II 
trouve a ce propos que les sels thalliques subissent une decomposition 
partielle meme par chauflfage modern si la solution ne renferme ni chlo- 
rures ni acide chlorhydrique. II tient compte de ce fait dans la pre- 
paration des solutions thalliques pour Fanalyse. Les experiences de 
Tauteur montrent que la r6duction est quantitative indifferemment 
en milieux acide, bicarbonate et alcalin. Le dosage du thallium i)ar ce 
preceded comporte une erreur moyenne de 0*2% environ. 

Pour la pratique, e’est la reduction en liqueur alcaline qui convient 
le mieux, a la condition que la solution thallique neutralisee soit 
introduite dans la solution d'ars6nite alcalinisee, non pas inversement. 

Je saisis cette occasion pour d’exprimer Monsieur le professeur 
Dr R. II a c mes plus sinceres remerciments pour Tinterct avec lequel 
il a suivi Texecution du present travail. 
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LA DIPHfiNYlCARBAZIDE COMME INDICATEUR 
MERCUROMfiTRIQUE. 

Par J. TRTlLEK. 


Les m^thodes mercurometriques ont fait leur preuve dans toute 
une serie de titrages, notamment dans le dosage volum4trique de 
I’ion chlore. La reaction fondamentale est* 


Hg’- + 2 Cl' HgCli (tres pen dissoci^), 


et il s’agissait surtout de trouver nn indicateur suffisamment sensible 
vi8-^l-vi8 du premier petit exces d'ions Hg" et determinant soit la 
formation d’un precipite (trouble), soit un virage. 

Le premier probieme sc trouve r^solu dans la methode d’Emile 
VotoCek’^) (verifiee et chaudement recommandee par J.M. Kolthoff 
et A d a B a k) *) oil I'indicateur est constitue par le nitroprussiate de 
sodium qui donne avec la premiere goutte d’azotate mercurique en exces 
un trouble blanc laiteux. Cette methode est ^ la fois elegante et pre- 
cise, mais ne se laisse evidemment pas appliquer au dosage du chlore 
dans les cas oil la liqueur renferme des sels de metaux loiirds preci- 
pitables par le dit nitroprussiate. 

Pour qu’on put etendre le dosage mercprometrique des halogenes 
mSme k ces cas-lk, il a fallu trouver un indicateur qui fut specifique 
pour les ions Hg" sans reagir avec les autres cations dans les 
conditions determinees surtout par I’acidite de la solution k titrer. 

Toutes ces conditions paraissent etre satisfaites par la diphenyl - 
carbazide *) 


0=C 


^NH . NH . C^H, 
'^NH . NH . C,/f j. 


Elle donne avec les sels mercuriques dissocies, aux faibles concentra- 
tions, une coloration bleu violet, aux concentrations plus considerables, 
des precipites bleus jusqu’k violets sur la composition desquels les 
opinions sont partagees. 11 parait qu’il s’agit de sels complexes soit de 
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la diph^nyloarba^ide elle-mfeme, soit — oe qui est plus vraisemblable — 
de son produit d’oxydation, la diph^nylcarbazone 

qu'on pourrait evidemmeiit employer aiissi directement. 

F. FeigH) 6tudia la reaction de la diph^nylcarbazide avec le mer- 
cure et la signala, en I’absence de chromates et de molybdates, 
comme un r^actif specifique pour la micro-recherche de Tion Hg'\ 
II faut op^rer en presence d’acide azotiqiie N 0*2, parce que dans les 
solutions neutres ou acidules seulement par Facide ac^tique les sels des 
autres metaux lourds, tels que les cuivriques, de cobalte etc,, donnent 
des combinaisons analogues celle du mercure. L’acidite indiquee 
suffit toutefois pour empecher tout a fait leiir formation ou pour les 
redissoudre avec facilite. 

Le fait le plus important pour le titrage mercurometrique est qu’une 
solution alcoolique de diph^nylcarbazide a 1 — 2% ne reagit pas dans 
les conditions signalees avec les solutions de chlorure mercurique. 
Si done on ajoute Fazotate mercurique a titre connu a la solution du 
chlorure a doser, additionn^e auparavant d’une solution alcoolique 
de diph^nylcarbazide, on voit apparaitre une coloration bleu violet 
intense qui disparait instantanement, et cela aussi longtemps que 
Fion chlore present suffit k capter Fazotate mercurique ajoute en 
le transformant en chlorure mercurique tres peu dissocie. La premiere 
goutte d’azotate mercurique en exces determine une coloration rose 
jusqu’^ violette persistante, due a la reaction de Findicateur avec 
les ions Hg'\ L’intensite de la dite coloration est variable suivant la 
vitesse plus ou moins grande avec laquelle on termine le titrage. On 
opere en solutions faiblement acides. 

Lorsque Facidite n’est que faible, on voit parfois apparaitre vers 
la fin du titrage un faible trouble jaunatre, qui parait etre dii k la 
separation d’un compose additionnel du chlorure mercurique forme 
et de la diph^nylcarbazide. Ce trouble n’entrave cependant nulle- 
ment Failure du titrage, et Fon peut d’ailleurs empecher sa formation 
en augmentant Facidite de la4iqueur titree. 

Pour que Findicateur signale exactement la fin de titrage, e’est-a- 
dire indique Fexefes le plus faible d’ions mercuriques, il faut que sa 
reaction avec eux soit suffisamment sensible. Tant quHl s agit de 
solutions tr^s peu acides, le titrage s’accomplit exactement, mais avec 
les solutions plus acides, le titrage est souvent entache d’erreurs dues 
au fait que Facidite augment^e rabaisse la sensibility, de la diphynyl- 
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carbazide. F. Feigl*) donne pour la limite de sensibility de la dite 
ryaction les valeurs suivantes: 

0-1 y*) de mercure a Tacidity naturelle de Tazotate mercurique (due 
k rhydrolyse) 

0*2 y de mercure a Facidite de HNO^ N 01 
1*0 y de mercure a I’acidity de HNO^ N 0*2. 

Concentration limite : 1:500.000, 1:250,000, 1:50.000. 

Si done on veut atteindre une prycision suffisante, on doit veiller k oe 
que les solutions dans lesquelles on dose Tion chlore ne soient pas trop 
aoides; mdme en prysence de mytaux lourds il suffit d’aciduler par de 
Tacide azotique ^0*2 pour que leur ryaction avec la diphynylcarbazide 
soit empechye. Ilimporte aussi que I’azota temercurique employy ne 
prysente qu’une acidity minimum. 

Le rabaissement de la sensibility de Tindicateur par augmenta- 
tion de Tacidite de la liqueur a titrer peut prysenter des difficultys 
surtout lors du dosage des halogenures des mytaux lourds, oh Tacidity 
dyterminye par Thydrolyse est dyja considyrable. En pareil cas, 
on se tire d’afifaire en ajoutant la quantity convenable d'acytate 
de sodium pur, apres quoi on acidule au besoin par quelques gouttes 
d’acide azotique N 0*2. 

En ce qui concerne les dytails techniques du titrage, ils ne different 
nullement de ceux de la mythode d’E. Votodek. On les trouvera 
signaiys plus bas dans les divers exemples. 

L’emploi de la diphynylcarbazide comme indicateur mercuromytrique 
me semble avantageux dans bien des cas. La pratique doit dycider de 
sa valeur dans les cas de titrages plus compliquys. La thyorie de ces titra- 
ges sera yiucidye lorsqu’on aura ytudiy systymatiquement les divers sels 
de diphynylcarbazide de constitution incornue jusqu’ici, notamment 
en oe qui concerne leur solubility. En collaboration avec le professeur 
J. V. Dubsk;^ je n’ai ytudiy sous ce rapport que les sels respectifs 
de nickel, mais nous nous proposons d'ytendre cette ytude a d’autres 
mytaux et surtout de mettre a point le microtitrage dont il est 
question plus haut. 

Partie oxperimentale. 

La diphynylcarbazide nycessaire a yty pryparye soit k partir de 
Turye, soit it partir de rurythane.®)®) Pour le titrage elle a yte employye 
sous forme d’une solution alcoolique it 1 — 2%. En vase clos, cette 
solution se conserve longtemps. 

*) y 0*001 mgr. 
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Exemples de titrages mercurometriques en presence de 
la diph^nylcarbazide comme indicateur. 

^Itablissement du coefficient de Tazotate mercurique. 

On prepare une solution sensiblement N/10 en dissolvant 16-23 gr 
de Hg{NO^) 2 , soit V20 de moL gr dans 1000 cc d’eau. On veille a ce 
que la quantite d’acide azotique employee pour supprimer le de- 
doublement hydrol 3 d;ique soit minimum; il suffit de 1 2 cc d’acide 

concentre. On 4tablit le coefficient de la liqueur par titrage habituel 
au chlorure de sodium NjlO. On opere le titrage a la temperature 
ordinaire apres avoir acidul6 par 1 — 3 cc de HNO^ N 0-2 pour 10 cc 
de la solution k titrer. Indicateur: 0*5 cc de solution alcoolique de 
diphenylcarbazide signalee plus haut. On verse la liqueur mercurique 
lentement, suii-out vers la fin oil commence k apparaitre la coloration 
rose. 10 cc de NaCl sensiblement iV/10 (coefficient0*9303)ont consomme 
en moyenne 8*80 cc de solution mercurique, ce qiii donne j)our cette 
derniere le coefficient / =-- I-Oolg. 

Le titrage a 6t6 controle par la m^thode d’E. VotoCek:^) 

10 cc de meme NaCl out consomme en moyenne 8-81 cc de Hg(NO.^)o , 
d’oii / -= l-056o. 

La proportion d’indicateur n’a generalement pas d'importance. On 
la regie d’apr^s le volume de la solution a titrer, toujours de maniere 
a obtenir un effet colore d’intensite suffisante. Bien que la diphenylcarba- 
zide soit peu soluble dans I’eau, elle ne se separe pas de sa solution 
alcoolique lors de I’introduction dans la liqueur k titrer; il est done 
X)ossible d’operer a froid. 

Influence de I’acidite de la solution a titrer sur 
la sensibility de I’indicateur. 

Ainsi qu’il a d^ja yte dit plus haut, cette sensibilite s’abaisse 
avec I’acidity, car le produit qui se forme par Taction des ions Hg 
sur la diphynylcarbazide est d'autant plus soluble que la liqueur 
est plus acide. 

Pour ytablir cette influence, on a titr^ une solution de NaCl N/IO 
(coeff. 0*9303) par une solution de HgiNO^)^ NflO (coeff. l-621o). 
Les titrages ont yty opyres en presence de quantites variables d’acide 
azotique et de 0*5 cc d’indicateur k 1 %, toutes choses egales d’ailleurs. 

Les r4sultats sont r68um4s dans le tableau suivant, qui donne la 
moyenne de 3 titrages op^r^s de manifere identique. La consommation 
th6orique est dans tous les cas 6" 74 cc de Hg(NO^\. 
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Mis 


Con- 




en oeuvre 

Addition 

Bommation 

£cart 

Note 


Nf\0 NaCl 

deHJVOa NllOHg(NO^)^ 

(6-74) 


/ 0*9303 


/ 1*621 



1. 

10 cc 

0 

5*75 cc 

+ 001 cc 

La formation d’un 
trouble perturbe 
la fin du titrage 

2. 

10 cc 

2 cc 0*2 n 

5*78 cc 

+ 0-04 cc 

Faible trouble k 
la fin du titrage 

3. 

10 cc 

1 cc 0*2 n 

5*78 cc 

+ 0-04 cc 


4. 

10 cc 

2 cc 0*2 n 

5*80 cc 

+ 0-06 cc 


5. 

10 cc 

1 cc 1*0 n 

5*82 cc 

+ 0-08 cc 


6. 

10 cc 

3 cc 1*0 n 

5*85 cc 

+ 0-11 cc 

Sans trouble jusqu’it 

7. 

10 cc 

1 cc 2*0 n 

6*00 cc 

+ 0-26 cc 

la coloration rose 

8. 

10 cc 

3 cc 2*0 n 

6*10 cc 

+ 0-30 cc 



II en ressort que la quantity maximum d’acide azotique N 0*2 
employ^ pour Tacidulation ne doit pas depasser 2cc. Si cette condition 
n’est pas remplie, on voit apparaitre des eireurs qui sont d’autant 
plus fortes que, k acidulation egale, le volume de la solution a titrer 
et la concentration sont plus faibles. 

Si aux solutions rose violet obtenues dans les essais 6 — 8 on ajoute 
quelques gouttes d’une solution d’ac^tate de sodium, on coupe Tacidite 
min^rale, etla liqueur devient vioiette en peu de temps, ce qui montre 
que dans le titrage on a d^passe le point exact, c’est-^i-dire que Tindi- 
cateur a et6 rendu trop peu sensible par Texces d’acide azotique. 


Dosage du chlore dans le chlorure de sodium. 

0*5430 gr de chlorure de sodium pur recj'istallis6 et s6ch<S sont 
dissous dans Teau et ramen^s a 100 cc pour obtenir une solution 
sensiblement NjlO, Une s^rie de titrages ont 6t6 faits en employant 
1 — 3 cc d’acide azotique N 0*2. 

10 cc de solution de NaCl ont consomme respectivement 8*80, 8*84, 
8*76 cc de Hg{NOs)i, moyenne 8*80 cc, d'oh Ton trouve une teneur 
de 60*74% de chlore, alors que la teneur theorique est de 60*65% 
de chlore. Le contrdle par dosage pond^ral a t6v616 60*54% de chlore. 

Le titrage sans acidulation pr^sente Tinconv^nient de donner nais- 
sance, vers la fin, a un trouble blanc sale qui rend impossible Fobser- 
vation du virage. Par addition de I h 2 cc de HNO^ N 0*2 ce trouble 
disparait completement ou presque. 
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Les chiffres obtenus ci-dessus ne s’^cartent done pas des limites 
admissibles en volum^trie courante et ne different que fort pen des 
chiffres th^oriques, 

Lors du dosage pond^ral de controle j’ai essay^ de doser les traces 
de CV rest^s dans le filtrat aprfes le chlorure d’argent par titrage au 
moyen de Hg(NO ^)2 -A^/100. Le resultat etait negatif, car les erreurs 
possibles atteignent ici les valeurs qui correspondent a la teneur en 
chlore, sans parler des difficult^s que pr^sente la neutralisation de 
Tacide azotique employ^ lors de la precipitation du chlore. 


Dosage du chlore dans le chlorure de sodium en presence 
de sels de metaux lourds. 


A une solution de NaCl titree et controlee par dosage ponderal de 
Cl j’ai ajoute des solutions desels de certains metaux lourds, neutres 
et aussi exemptes de chlore que possible. 

La solution fondamentale de chlorure de sodium renfermait dans 
10 cc 0*05430 gr de NaCl = 0*03294 gr de chlore, soit 60*65% de 
chlore. La consommation de Hg(NO ^)2 theorique est de 8*79 cc de 
Hg(NO,y. 

Coefficient de la solution mercurique: / l*057o. 


NaCl 


En presence 
de 


Consom- 
mation de 


Hg(NO,U 

t - 1 057o 


Chlore 

trouv6 

engrr 


ficart 


£cart 
en mgr 
deC/ 


Acidula- 
tion par 
HNO, 
NO-2 


10 cc 5 cc 6V(acet)2 n/2 8 78 cc 0 0329i — 0*01 cc — O O3 0 5 cc 

10 cc 10 cc r;u(acet)2 n/2 8*78 cc 0 ()329i — 0*01 cc — O’Oa 0*5—1 cc 

10 cc 5ccCo(NO^)^nllO 8*86 cc 0*0332i + 0-07 cc +0*27 1 cc 

10 cc l0ccCo(NO^)^j\l}0 8*90 cc 0*0333e +0*llcc + 0*42 2cc 

10 cc 10ccP6(acct)2n/10 8*82 cc 0*0330e +0*03cc + O lg 2cc 

10 cc 5 cc MnSO^ n/10 8*80 cc 0*03298 + 0*01 cc + O O4 1 cc 

10 cc 5ccCdSO^n/lO 8*84 cc 0*033 li + 0*05cc + O I7 2cc 


Les chiffres figurant dans le tableau repr^sentent la moyenne de 
trois titrages effectu^s dans des conditions identiques avec 0*5 cc de 
diphenylcarbazide k 1%. 

Les exemples ci-dessus montrent que meme en presence d’un exces 
considerable de sels de metaux lourds le titrage mercurometrique du 
chlore, avec la diphenylcarbazide comme indicateur, presente une pre- 
cision suffisante si Ton satisfait aux conditions relatives kla sensibilite 
de rindicateur. 
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Pour beaucoup de chlorures I’acidite due k Thydrolyse suffit pour 
rendre imprecise la fin du titrage, et il arrive alors que oelle-ci est 
d4pas86e de 1 k 3%. En pareil cas il faut couper oette acidity par la 
quantity minimum d’ac4tate de sodium exempt de chlore. 

Dosage du chlore dans le chlorure cuivrique. 

a) 0*1289 gr de CuCl^, 2 H^O (recristallise dans Teau et a Tair) 
dans lOOccd’eausonttitr^s a moyenne temperature. L’addition de Tin- 
dicateur produit une coloration rouge qui disparait apres addition de 
3 — 4 cc de HNOqN 0*2. Coefficient del’azotate mercurique employ^: 

l*057o. Consommation totale 14*40 cc, d’oh Ton trouve 0*06395 gr, 
soit 41*78% de chlore, tandis que la theorie pour CuCl ^ . 2 H^O exige 
41*61%. 

La difference parait tenir k Texces d’acide qui a rabaisse un peu la 
sensibility de Tindicateur. Elle ne depasse toutefois presque pas les 
limites d’erreurs pouvant etre eausees par les pesees et les mesures 
des volumes. 

b) ITn second essai a ety effectuy en opyrant k une acidite plus faible: 

0'9510 gr de CuCl 2 • SJETgO sont dissous dans 100 cx d'eau, ce qui 
repond sensiblement une solution iV/10. L'indicateur n'a yte ajouty, 
par gouttes, qu’en quantity necessairc pour faire disparaitre la colora- 
tion rouge que produit la diphynylcar})azide avec le chlorure cuivrique 
(de 2 3 gouttes). 10 cc de Solution cuivrique ont consommy (comme 

moyenne de 4 titrages) 10*55 gr de Hg(N0z)z ^/lO (en ryality on 
opyrait avec une solution mercurique dont le coefficient ytait / = 
= l*056i). Cette consommation con-espond a 0*03951 gr, soit 41*54% 
de chlore, la thyorie en exige pour le sel CuCl ^ . 2 H^O 41*61%, 

Dosage du chlore dans le chlorure de cobalt. 

1*0191 gr de CoCl ^ . 6 H^O pur (recristalUsy dans Teau) sont dissous 
dans Teau et ramenys a 100 cc. La solution a titrer (10 cc) n’a yty 
acidulee que par quelques gouttes d'acide azotique N 0*2, juste la 
quantity necessaire pour faire disparaitre la coloration brun&tre que 
donne la diphynylcarbazide avec le chlorure de cobalt. Le coefficient 
du sel mercurique etait / = l*056i. 10 cc de solution de sel de cobalt 
ont consommy (moyenne de 3 titrages) 8*15 cc de Hg(N02)2 NjlO, 
ce qui correspond a 0*03052 gr, soit 29*94% de chlore. La teneur 
calcuiye pour CoCl^ . 6 est de 29*80%. 
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La precision du titrage depend ici encore du degre d’acidit4 de la 
solution h. titrer; les valeurs trouv^es d^passent ordinairement un peu 
celles qu’on calcule. 

En terminant, qu’il me soit permis d’exprimer ici mes remerciements 
tres sincferes M. le professeur J. V. Dubsk^, dont I’amabilit^ m’a 
rendu possible I’ex^cution du pr(5sent travail k son Institut. 

Institut de Chimie analytique 
de la FaculU des Sciences d VUniversiU Masaryk 
Brno (TcMcoshvaquie), 
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SUR LA FORMATION DBS 8ELS D’AMIDOXIMES. 
I. AMIDOXIME HIPPURIQUE 


par J. V. DUBSK’f^ et J. TRTILEK. 

Nous avons prepare I’amidoxime hippurique en faisant agir I’hydro- 
xylamine sur le nitrile hippimque suivant le schema 

C^H^.CO.NH .CH^.CN C^H,.CO.NH 

La reaction signal^e, connue pour maints autres nitriles, conduit 
r^gulierement k ramidoxime correspondante. 

Ajoutonsqu’il nous a 6t6 impossible jusqu'^ present d’obtenir ramid- 
oxime hippurique k Tetat pur, nos produits etaient constamment 
souilles d’un peu de chlore. Ils fondaient aux environs de 120®. 

L’amidoxime hippurique est tres soluble dans Talcool et I’eau chaude ; 
ses solutions aqueuses so decomjK)sent par ^.bullition. Avec le chlorure 
ferrique elles donnent une coloration rouge violet, avec rao6tate de 
cuivre un precipite vert brun&tre. 

Ainsi que le montre I’^quation de sa formation, Tamidoxime peut 
figurer dans ses solutions en deux formes tautomeres: 

I. C,H,.CO.NH II. C,H,.CO.NH.CH^.C^^^ 

Conform^ment cela, nous nous figurons la constitution de ses sels 
de deux mani^res. Ainsi le sel cuivrique, dans lequel 1 atome de cuivre 
revient il 1 moMcule d’amidoxime et qui, apr^s la dessiccation habituelle 
k Pair, renferme deux molecules d’eau, pourrait s’ecrire: 

I . .00. NH. CH^ . C<C^^^X'u-OH . Hfi 

II. C,H,.CO:NH.CH^.C^j^^^yCu.2Hfi 

Si, enfin, on admettait la possibility que I’hydrogyne imino de la 
chaine est dou^ de ryactivity, on pourrait prendre en considyration 
la naissance d’un noyau & 6 chabions ultyrieur: 
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III. Gja^.CO.N-^H^—C—NH^ 

I II .2//2O 

Gu 2V^=0 

Le comportement different de Teau (Fune des molecules se perd 
ais^ment au-dessousde 100®, tandis que Taiitre se trouve attachee beau- 
coup plus solidement), ainsi que la formation du corps en milieu 
faiblement alcalin nous font preferer la premiere conception comme 
etant la plus vraisemblable. 

Parmi les diverses reactions de I’amidoxime hippurique ce sont celles 
avec les sels de nickel qui attiraient principalement notre attention. 
Si Ton melange une solution alcoolique d’amidoxime avec une solution 
de sel de nickel, on n'observe aucune reaction; si toutefois on ajoute 
quelques gouttes d’ammoniaque, la liqueur separe un precipite vert 
ou aequiert seulenient une teinte plus foncee, suivant la concentration 
de la solution. Apres un temps prolong^, parfois seulement au bout 
de quelques jours, la couleur verte de la liqueur vire d’abord en brun 
fonc6, puis en rouge violet intense, et ^ la surface on voit se former 
de fines croiltes d’un produit de belle couleur rouge violet. 

La r^.action peut etre acceleree de sorte qu’elle s’accomplit en quel- 
ques minutes, si a une solution faiblement ammoniacale d’amidoxime 
et de sel de nickel on ajoute une goutte d'eau oxyg6n6e a 3%. En 
chauffant avec precaution on obtient imm6diatement une coloration 
violette, k une concentration un peu considerable on voit se s^parer 
un corps rouge violet parfois jusqu’^ violet fonce, differant suivant 
les conditions r6actionnelles. I.»es nuances foncees s’observent lorsque 
I’eau oxyg^nee est en exces et paraissent etre dues k I’oxyde de nickel 
provenant de Texces de sel de nickel. 

II s’agit done de processus d’oxydation dans lesquels il y a deux 
possibilit6s: I’oxydation porte soit sur le nickel, soit meme sur la 
matifere organique. La coloration caract^ristique rouge violet, anormale 
pour les sels de nickel, montre qu’il s’agit de la premiere possibilite 
qui aurait son analogic dans le sel nick^lique de la benzamidoxime 
d^crite par J. V Dubsk;^ et M. KuraS, de composition 

P. Peigl explique une reaction d’oxydation semblable pour le sel 
de nickel de la m^thylglyoxime par la formation d'un d6riv6 k nickel 
t^travalent. 

Malgr^ toutes les dif ficult6s que pr4sentait la preparation du compose 
nickeie de la hippuramidoxime, nous avons reussi k Tobtenir k Tetat 
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pur sous forme pulv^rulente. II est insoluble dans Teau froide; dans 
Feau chaude et dans les acides, il se decompose rapidement avec d^- 
gagement de bulles de gaz; la couleur rouge violet change en violette 
et grise. 

Le compost renferme pour 1 atome de nickel six atomes d’azote, 
ce qui correspond a 2 mol. d’amidoxime hippurique. Pour expliquer 
sa formation par oxydation et maintenir Fanalogie avec le sel nick^lique 
de benzamidoxime signal^ plus haut (auquel il ressemble beaucoup), 
nous lui donnons provisoirement la formule suivante: 

.CO.NH. CH^ . C'< ^ J ^Ni—OH. 

La formation du sel basique se laisse alors expliquer en admettant 
qu’il se forme d’abord un derive analogue a celui obtenu avec la 
benzamidoxime, mais qui par suite de son poids moleculaire conside- 
rable (sous Faction du milieu faiblement alcalin au sein duquel il 
se forme a chaud), detache hydrolytiquement la troisieme molecule 
d'amidoxime suivant le schema: 

OHH 

C’est ainsi qu’on peut egalement expliquer le fait que la reaction 
foumit une serie de produits qui no different entre eux que par les 
nuances du violet. Leur composition oscille entre celle de Ni (hippur- 
amidoxime )2 et de Ni (hippuramidoxime) 3 . Dans le cas le plus simple 
on peut les consid^rer comme des melanges formes par la decomposition 
mentionnee plus haut. 

Amidoxime hippurique. 

Le nitrile hippurique necessaire a et^ prepare suivant A. Klages 
et O. Haack') en faisant agir le sulfate d’aminoac^tonitrile sur le 
chlorure de benzoyle. 

Dans les premiers essais d’oximation nous avons essay^ d’op4rer 
en milieu aqueux. IjC nitrile hippurique, dissous dans Feau chaude 
(3*2 — de mol. gr) a 6t6 chauff6 au bain-marie avec une solution 

de chlorhydrate d’hydroxylamine Vioode mol. gr) neutralis^.e 

par une solution aqueuse chaude d’ac6tate de sodium (2*7 gr de 
CH^.COONa.Z Vioo 9^)- 


1 ) B. 1903 , 3G, 1646 . 
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Aprfes evaporation au bain«marie, la liqueur a s^pare des gouttes 
huileuses brun vert qui se sont prises partiellement en matiere cristallisde, 
souill6e il est vrai de chlore, mais dont les propri6t4s montraient la 
presence de Famidoxime. Elle donnait avec le chlorure ferrique une 
coloration rouge intense, avec rac4tate de cuivre un precipite brun vert. 

On obtient des r^sultats bien meilleurs si Ton effectue Toximation 
du nitrile hippurique en milieu alcoolique. De cette maniere le danger 
d’une saponification partielle du nitrile mis en ceuvre se trouve ecarti^. 

2‘8 gr de chlorhydrate d’hydroxylamine (Vioo de mol.^r) ont etc 
dissous dans Falcool a 96%, puis additionnes d’une solution alcoolique 
de 1*6 gr environ de NaOH a chaud, en agitant constamment. Vers 
la fin, on ajoutait Falcali par gouttes pour obtenir une solution sensible- 
ment neutre. 

On a (^.cart4 par filtration le chlorure de sodium, apres quoi le 
filtrat a et6 ajout^ a une solution alcoolique chaude de 6*4 gr de 
mol. gr) de nitrile hippurique. Le tout a ete maintenu pendant 5 — 6 
heures entre 60 et 70® au bain-marie, Falcool a ete chass6 partiellement 
et le residu a ete abandonne k la cristallisation lente. 

Le produit est Fdtat d’une masse cristallis^e blanche, aisement 
soluble dans Falcool et Feau chaude. II renferme comme impuret(S 
un peu de chlore, il fond a 118®. Ije reudement est faible. La recristalli- 
sation dans Falcool ne conduit pas au produit pur, car les impuret^s 
et le produit ne different pas suffisamment par leur solubilite; d ’autre 
j)art, la recristallisation dans Feau comporte le danger d’une decom- 
position. 

Les produits ainsi partiellement purifies fondaient entre 123 et 126®. 

L ’azote a ete dose dans un produit recristallise dans Falcool. La teneur 
en azote a (^te trouv^e 1 9*45 ®^, alors que celle calcult^ pour Famidoxime 
hippurique 

C^H,.GO.NH .CH^.CC^^ (193) 

est de 21*70%. L’^cart est du aux impuretes, notamment au chlore. 

Pour nos essais nous n’avions d’ailleurs point besoin d’un produit 
tout k fait pur. 

Sel de cuivre de I’amidoxime hippurique. 

Nous Favons isole principalement pour nous assurer de la com- 
position de Famidoxime employee. 

1*92 gr d’amidoxime (Vioo de mol. gr) dissous dans Feau chaude ont 
4t6 m^lang^s avec un exc^s d ’acetate de cuivre en solution aqueuse 
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chaude. II se produisait un pr6cipit6 volumineux bran vert dont la 
formation a et6 favoris4e par chaufEage an bain-marie et par addition 
de quelques gouttes d’ammoniaque. II a (^t4 essor^, lav4 soigneusement 
I’eau chaude, puis k I’air. 

Aprfes dessiccation, le produit est gris vert, pulverulent. II se dissout 
facilement dans les acides avec decomposition, pas du tout dans I’eau. 
Sous Taction de la chaleur il ne fond pas, mais noircit et se combure. 
II ne renferme pas de chlore. 

Analyse; 


Substance: 0-1093gT,perte au-dessous de 100® 0’0073 jr. . 6‘68%d’eau; 

0-1093 gr, CvO 0-0302 gr Cu 22-07% (p. m. 288); 

0-00850 gr, N 1-068 cc (741 mm, 22®) N 14-20% (p. m. 

98-57). 


Cu:N= 1: 2-91 


ce qui est d’accord avec la comijosition de 

[C^H^.CO.NII .Crh.C{NH^)^NO]Cu.2 HJ[) (p. m.= 291-6). 

Calcuie Cu 21-82%, N 14-43%, H/) 12-38®/o. 

Trouve Cu 22-07%, N U-20%, Hfi 6-68%. 

Vu que le corps prend nai.s8ance en milieu faiblement alcalin et que 
la dessiccation au-dessous do 100® ne revele que la moitie de Teau 
presente, nous admettons la formation du compose basique suivant: 

.CO.NH .’GH ^ . C^'^'-'Cvr-OH . Hfi. 


Reaction de ramidoxime hippurique avec le nickel. 

Si une solution d’amidoxime hippurique dans Teau chaude est 
m^langte avec une solution de chlorure de nickel, on n’observe soit 
aucun changement, soit la formation d’un faible trouble due k la sepa- 
ration de ramidoxime. Si on ajoute une goutte d’ammoniaque, on voit 
se former un pr^cipite vert (d’hydroxyde de nickel k ce qu’il parait) 
qui se depose au fond du vase en laissant surnager une liqueur verd&tre. 
Au coursde quelques jours, cette liqueur brunit lentement, devient plus 
foncee et, au bout de huit jours environ, elle commence k s^parer, tant 
k la surface du liquids qu’^i ceUe du pr6cipit6, un enduit rouge violet 
de produit insoluble dans Teau qui naturellement ne se laisse pas 
isoler ainsi. 

Une reaction analogue s'accomplit avec bien plus de nettet6 si Ton 
opfere avec des solutions alcooliques soit des deux composants, soit au 
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moins de ramidoxime. Le dit produit rouge violet se dissout en effet 
dans Talcool aveo une coloration rouge violet intense qui d^c^e sa 
formation meme en proportion peu considerable. 

La reaction en question s’eflfectue en quelques minutes si Ton ajoute 
au liquide r<5actionnel une goutte d’eau oxygen^ 3 % et qu’on chaufiEe. 
Comme composant de nickel Thydroxyde de nickel fraichement pr^par6 
se prete le mieux. 

La preparation retat pur du produit de ces reactions presente 
des difTicultes notables, car les produits obtenus sont souiUes soit de 
chlorure de nickel, soit d’amidoxime libre, et ne peuvent etre purifies 
par les precedes courants. 

Une serie d’essais faits en vue d’eiaborer la meilleure methode pour 
preparer le sel de nickel de Tamidoxime hippurique nous a montre 
que le produit le plus pur prend naissance dans les conditions que 
voici: 

Vioo de mol. gr (1*93 gr) d’amidoxime, dissous a chaud dans 
Talcool, a ete melange avec de mol. gr de chlorure de nickel 
en solution normale moderement chauffee (0*79 gr de NiCl^-^ 
dans 3 cc environ d’eau). On a ajoute quelques gouttes d’eau oxygenee 
a 3%, puis de Tammoniaque jusqu’i odeur nette. Lors de I’addition 
de Fammoniaque la liqueur devint foncee et vira en rouge violet 
intense. Chauffee au bain-marie en agitant sans cesse elle deposa un 
produit pulverulent rouge violet (presque pourpre) qu’on essore et 
sfeche k Fair. 

Le rendement etait mediocre, le produit etait souilie de chlore. 

Les analyses ont donne le resultat suivant: 11-34% de nickel 
(p. m. 517), 19-26% d’azote (p. m. 73-04), 2-15% d’eau. A I atome 
de nickel correspondent done 7-08 atomes d’azote, ce qui montre que le 
produit n’est pas encore un corps defini. 

L’essai qu’on vient de decrire a ete repete avec la scule difference 
que le produit a ete lave k Foau chaude (50 — 60®) jusqu’a plus de chlore. 
Par son aspect le produit ne differait pas du precedent. 

Analyse: 

Substance: 

8-10 mgr, Ni (par dosage microeiectroljd^ique^) 1*02 mgr . . . Ni 12-60%, 

p. m. 465; 

14-81 mgr, NiO (par combustion) 2*38 mgr . . ,Ni 12*63%, p. m, 464; 

6-11 mgr, N 0-990 cc (747 mm, 20®) ... N 18-55®/©, p. m. 75-5. 

Ni:N= 1:6-11, 

^) A. Okde.* Zeitachr. f. anal, Chem. 1932, 88, 189. 
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oe qui est confonne k la composition d’un corps que Ton pent se 
figurer, pour les raisons signal<Ses dans la partie th^orique de cette 
communication, comme etant 

[0,^5 .00. NH. (p. m. 469-7). 

Trouv6: Ni 12-63%, N 18-65%. 

Calcule; Ni 12-76%, N 18-27%. 

Dans le sens des vues de F. Feigl but la constitution du produit 
d’oxydation de la dimethylglyoxime avec le nickel on pourrait d’ail- 
leurs formuler le corps de la maniere suivante: 

.00. NH. OH^ . 6'< 1 ^Ni=0. 

II est facilement soluble dans les acides en se d^composant avec 
degagement de gaz. Une decomposition analogue a lieu lors de I'ebuUi- 
tion avec I’eau. La substance rouge violet n’entre pas, il est vrai, en 
solution, mais perd sa couleur en donnant une poudre grise, ce qu’il 
parait par suite d’une decomposition ot d’une reduction ulterieures. 
Le produit forme renferme 11-66% d’azote (p. m. 119), 23-30% de 
nickel (p. m. 252), soit 2-11 d’atomes d’azote pour 1 atome de nickel. 

La constitution du corps reste encore obscure, mais il est evident 
que retude de ses produits de decomposition pent apporter la lumiere 
dans les reactions ayant lieu dans I’oxydation en question. 

Inatitut de Ohimie analytique a la Facidtd 
des Sciences de VVniversitd Masaryk h Bmo 
( Tchecoslovaquie ) . 



PSEUDO BASES AND COMPOUNDS WITH REACTIVE GROUPS. 
CONDUCTIVITY CHANGES IN SYSTEMS OF CRYSTAL VIOLET BASE 
AND CARBOXYLIC ACIDS 

by MARIUS REBEK and GEORGE MANDRINO. 

Two years ago one of us^) published a paper concerning combin- 
ations of negative und positive dyestuff radicles. The formation of 
the dyestuff has been ascertained by measuring the increase of the 
conductivity with time. We could establish, that some systems reacted 
instantaneously whereas others needed many hours for reaching the 
maximum of conductivity. 

We believed, that such rearrangements of a pseudo-base into a real 
base (or a pseudo-acid into a real acid) — which can be easily controlled 
by measuring the conductance — would be a very convenient 
means for expressing numerically some differences between the trans- 
posing compounds which are given by their constitution — especially 
j) 08 ition isomerism. We hoped that we would ultimately be able to 
classify various nitrodiphenylamines as to their power of changing 
a certain quantity of a pseudobase into a real base. 

Before we began with this task, we tried the method on substances, 
whose properties had already been studied and classified from other 
points of view. Certain carboxylic acids were first investigated. 

The first aim w'as to obtain absolutely reproducible results: systems 
of a certain pseudo-base and an acid in pure acetone had to show the 
same conductivities after the same time. 

In this line we experienced considerable difficulties. 

As pseudo-base we used the base of crystal violet. In despite of 
great efforts in purifying it the obtained material showed different 
effects: the velocity of rearrangement varied in systems combined of 
crystal violet base from different purifications and an acid, even if 
the other conditions of the experiment were as constant as possible. 

We used 1/200 n solutions in pure acetone. Since the conductivity 
of various samples of pure acetone was not always the same, we 

*) M. Rebek, CoBec«tonI»31, 3, 166. 
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subtracted it from the total conductivity of the systems. The limits 
of the conductance of acetone used in our experiments were 3 , 10—’ — 
6 . 10“-’ rec. ohms. The various solutions of crystal violet base (1/200 n) 
showed conductances from 1-0 . 10"~’ to 5*2 • 10—’ rec. ohms. 

Immediately after solution the conductance was a little lower. After 
several hours a maximum was reached: 

1/200 n acetonic solution of crystal violet base. 

Temp. 250 C. 

10 min. after solution 2*1 , 10—’ rec. ohms 

48 hours after solution 3‘6 . 10—’ ,, ,, 

But if the solutions were kept for some time in well closed con- 
ductivity vessels, and the conductance then measured, considerably 
higher values were obtained: 

T. II. 

10 min. after solution 2-1 . 10—’ 3*2 . 10—’ 

after 35 hours 9-0 . 10—’ — 

after 40 „ — 1-2 . 10-® 

I and II are 1/200 n solutions of crystal violet base from two 
different purifications. 

These higher values obtained in closed conductivity vessels are most 
probably caused by the formation of salt from the pseudo-base and 
the carbon dioxide of the air in the space above the solution. The 
following estimate shows the possible extent of salt formation: the 
volume of the vessel is about 100 ccs, the quantity of carbonic acid 
in this volume about 0-8 mgr. 10 ccs of a 1/200 n solution of the pseudo- 
base contain 19*4 mg of base equivalent to 2*2 mg of COg* The con- 
sumption of the whole of the CO^ in the yessel would correspond to 
a salt formation of 36%. The high conductance values obtained under 
such conditions are then quite understandable. 

These “spontaneous’’ increases of conductivity of course superpose 
themselves to those, which are caused by the investigated substances* 
However, as the conditions do not vary in this respect, we believe 
that the various substances causing the rearrangement of the pseudo- 
base could be weU compared on the basis of the conductivity increase 
without eliminating the increase, nearly equal in aU experiments, 
caused by the amount of carbonic acid. 

Larger volumes of base solutions conserved in weU closed flasks and 
filling them nearly completely proved to be stable enough as regards 
the conductance. 
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Now we tried to obtain an idea of the conductivity of the system 
crystal violet base + benzoic acid. All solutions were 1 /200 n\ the solvent 
was acetone. 

Pseudo-base portions from one solution of pure base, 5 ccm for each 
system. 

Benzoic acid from different solutions, 5 ccm for each system. 

The given amounts of basic and acid solutions were mixed in the 
conductivity vessels and the conductivity measured from time to time. 
(Table I). The curves are but little different (Pig. I): 





SO 


Fig. I. 

Curve 1/200 n crystal violet base 2’0.10 — 7 with 1/200 n benzoic acid 3‘7.10 — 1 
X „ „ „ 1/200 » „ „ 3-7.10-T 

+ » „ „ „ 1/200 n „ „ 4-1.10— T 

O „ .. .. 1/200 n „ 6-0.10-T 


Pseudo-base from different soutions of the same sample. 

Benzoic acid portions from one solution of pure acid. 

The same amounts (5 ccm) of basic and acid components were mixed 
under the same conditions as in the former experiment. The values 
of the conductivity after certain times are shown in table II. Com- 
paring the curves considerable differences can be observed (Fig. II). 

The different base solutions, characterised by various conductivities, 
are rearranged with different velocities by the same solution of benzoic 
acid. After 40 hours the values of the conductivity were: 


From the base with spec, cond.: 

>> 99 99 99 99 


99 99 99 99 99 


99 99 


If 


99 


3-4 . 10-’ 
2-6 . 10 -’ 
6-2 . 10 -» 
17-3 . 10-’ 


3-37 . 10-® rec. ohms 

3- 76 . 10-s „ 

4- 00 . 10-® „ 

4-39 . 10-» „ 




1* 
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The reason of such behaviour is not clear. The above mentioned 
values seem to suggest (the values of the second line are contradictory 
to it), that base solutions of higher conductance would be able to 
rearrange quicker than those of a lower one. As the higher conductance 
of the base solutions is most probably caused by the presence of 
a larger amount of carbonate it would mean that the reaction of 
rearrangement is catalysed by the cation of crystal violet. Experiments 
performed on base solutions with intentionally increased conductance 


MO ^ 



Fig. U. 

Curve 1. 1/200 n crystal violet ,base 3-4.10-7 with 1/2(K> n benzoic acid 1-8.10 — 7 

2. 1/200 n „ „ „ 2*5.10-7 ,, 

3. 1/200 n „ „ „ 5-2.10-7 „ 

4. 1/200 w „ „ „ 1-7.10-7 ,, 

(by absorption of CO 2 ) showed that this explanation cannot be true. 

1/200 n base solution (spec. cond. 3*7. 10~^ rec. ohms) was saturated 
with CO 2 from magnesium carbonate. The solution, first slightly colour- 
ed, deepened in colour during the process till after 8 hours it showed 
a strong violet tinge: conductance 7-43. 10~®. After having stood in the 
conductivity vessel at 25® for 46 hours a maximum of 9*32. 10*“® was 
reached. 

Base solution so prepared was compared with pure base solution 
regarding its power of l;)eing rearranged by the same quantity of 
benzoic acid (Table III). As the following fig. Ill shows, the difference 
between the two courses of reaction is not considerable: 

We concluded, that presence of CO^ (i. e. carbonate of the base of 
crystal violet) does not influence essentially the course of the reaction. 
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' 7 i i ^ ^ ^ 7i? is 20 Jo itO jjJ 

Fig. III. 

Curve 1. 1/200 n crystal violet base with COa -f 1/200 n benzoic acid 

2. 1/200 n crystal violet base without COg + 1/200 n benzoic acid 

For the time being we had to give up the hope of obtaining absolu- 
tely reproducible results. Systems set up of components from the same 
solution portions showed identical courses of reaction (Table IV, fig. IV) : 



iihi-S 10 IS 20 30 4o 


Tmtmhtm 

Fig. IV. 

Curve I (“f, ®) 1/200 n crystal violet base with 1/200 n maleic acid 
II (-f, ®) 1/200 n crystal violet base with 1/200 n acetic acid 

As a first application of the method we examined the simple fatty 
acids with even numbers of C up to (7,8, the saturated di-carboxylic 

•) the first three figures on the left should read, from above: 1'6 . 10“*, 
1-6.10“*, 1-4.10“*. 
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acids up to Cg, and also fumaric and maleic acid , as to their power 
of transposing the pseudo-base of crystal violet into real base. Com- 



Vmt in hours 


Fig. V. 

Curve I — III. 1/200 n Crystal violet base -f 1/200 n Fatty acids 

IV. 1/200 n Crystal violet base + 1/200 n Benzoic acid 

V. 1/200 n Crystal violet base + 1/200 n Glutaric acid 

VII. 1/200 n Crystal violet base -f 1/200 n Fumaric acid 

VI. 1/200 n Crystal violet base -f 1/200 n Succinic acid 

VIII. 1/200 n Crystal violet base + 1/200 n Maleic acid 

IX. 1/200 n Crystal violet base 4- 1/200 n Malonic acid 

X. 1/200 n'Ciystal violet base -f 1/200 n Oxalic acid. 

paring the steepness of the curves in fig. V (table V) with the well 

known dissociation constants of the acids we did not find perfect 
parallelism: 



increasing values of Jf at « = 25®: 


Classified by the 

steepness of the 
conductivity curve: 


oxalic acid 

oxalic acid 

3-5 .10-8 

malonic ,, 

maleic ,, 

1-3 .10-8 

maleic ,, 

malonic „ 

0- 16. 10-8 

fumaric „ 

fumaric ,, 

0-1 .10-8 

succinic ,, 

benzoic ,, 

6-7 .10-8 

benzoic ,, 

succinic ,, 

6.6 .10-8 

glutaric ,, 

glutaric ,, 

4-7 .10-8 

acetic „ 

acetic „ 

1-8 .10-8 


Fig. V shows the discrepancy still better, if we consider the quanti- 
tative side of the matter : in spite of nearly the same values of K the 
curves of benzoic acid and succinic acid are very divergent. Malonic 
acid and fumaric acid differ little as regards their K, but very much 
in their power of transposing the pseudo-base into real base. 

This lack of parallelism with the course of K is not very surprising. 
The dissociation constants are calculated on the basis of the conducti- 
vity of water solutions, whereas here acetonic solutions are used. As a 
general characteristic of acids the dissociation constant has lost much 
of its importance especially in view of the work of A. Hantzsch.^) 

We must still remark that the di-carboxylic acids were used in half 
molecular solutions. How the second carboxyl group functions can be 
established only by further experiments with molecular quantities of 
the acids and their acid esters. 

A comparison of the carboxylic acids with the acid nitroderivatives 
regarding the transforming power shows, that even oxalic acid does 
not reach the efficiency of hexanitro-diphenylamine: for the system 
hexanitro-diphenylamine + crystal violet base gives instantaneously 
a maximum of conductivity. 

Where considerable differences exist between the transforming powers, 
this method of comparing substances by such conductivity curves 
is satisfactory. A greater degree of exactness could be reached, if true 
reaction curves could be plotted. These conductivity curves are di- 
rected by the quantity of the salt formed and by the conductance 
of this salt in relation to the dilution. Therefore a conductance- 
dilution curve should be subjoined to every such conductivity curve 

*) A. Hantzsch, Theorie der ionogenen Bindungals Grundlage der lonen- 
theorie, Verlag Ohemie 1923, 
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of reacting systems in order to read off the salt concentrations from 
the measured conductivity. Prom curves plotting the salt concentra- 
tions and time as coordinates, substances may be classified in cor- 
rect order even if only small differences exist in their powers of causing 
transposition. 

By such considerations the method would be, of course, considerably 
complicated. 


Experimental part. 

As solvent acetone was used. We purified it until the conductance 
was about 3 — 5 . 10~’. To go farther is not very advisable as such highly 
purified solvents are not stable enough to ensure a series of experiments 
being performed under the same conditions. We prepared a large 
quantity of it in order to carry out as many experiments as possible 
with the solvent from one preparation. 

We shook 3 / of acetone with 300 ccs of a concentrated caustic 
potash solution thus removing the alcohol and acids. After filtration 
we added potassium permanganate until the colour of it did not dis- 
appear even after prolonged shaking. Then we distilled. 

The fraction distilling at 55® was repeatedly dried over and distilled 
from CaCl^. 

Conductance: 

Portion I. 3*5. 10-’ 

IT. 4 0.10-7 

,, TIT. 4*4,10~7 

„ IV. 4'9.10-“7 

Acetone, thus prepared, kept in well closed flasks and protected 
from light, is quite stable regarding its conductivity. Frequent opening 
of the flask and exposure to light seem to increase the conductance 
since we noticed a rise of it by 1 — 2.10~7. 

The base was prepared from Michler’s ketone and dimethylaniline 
by means of phosphorus oxychloride, and purified by repeated crystal- 
lisation from acetone and gasoline. A preliminary check on the purity 
was taken by measuring the melting point which rose during the 
operation from 180® to 216®. The colour of the substance was white, 
but when exposed to the air for a short time it turned slightly blue. 
We conserved it, therefore, in sealed glass vessels. Crystallisation from 
alcohol gave a pure white substance, but lowered the melting point — 
most probably because of a partial etherification. 
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The acids were crystallized repeatedly from water or organic solvents 
up to constant weight and dried in vacuo at 60®. The fatty acids with 
even numbers of C-atoms were distilled in vacuo until a fraction 
distilled at constant temperature. The higher members of the series 
had to be dissolved in water and alcohol after the last distillation. 

In measuring the increase of conductivity of the separate systems 
we proceeded as follows: 

The solutions were 1/200 n. 5 cca of the base solution were mixed 
with 5 CC8 of the acid solution in the conductivity vessel. This was 
well closed and kept at 25®. From time to time the conductance was 
measured. 

The curves generally took their course without cutting one another. 
We noticed an exception with the system fumaric acid + base. After 
a certain time its curve cut across the curve of the system succinic 
acid 4- base. This could be easily explained: during the reaction the 
fumarate of the base precipitated, and so lowered the conductivity 
of the system by gradually diluting the solution. 

The curves of the systems with the fatty acids from up to 
are between I and 11 (Fig. V) whereby I signifies the system with 
stearic acid and II the system with butyric acid. 

We investigated the whole series of the mentioned fatty acids several 
times, and established that the conductivity curves lay lower and 
lower on the graphs with increasing purity of the acids. The order 
of the curves was normal : the higher the molecular weight the lower 
the curve. Here we do not give the values for each curve and each 
experiment, for we believe that errors are very probable because of 
the generally low conductance of systems combined from crystal violet 
base and these acids. The differences between the separate acids are 
too small. We only quote the conductivities of the 1/200 n solutions 
of the acids in acetone and those reached by the systems after 1 800 mi- 
nutes: 


Acid 

Condtictivity 
of the acid 1/200 n 
in acetone 

C’onductivity 
of the systems with 
crystal violet base 
after 1800 tnin. 

Acetic 

1-7.10-^ 

7-80. 10-» 

Butyric 

6-3.10-^ 

5-21. 10-« 

Caproic 

2-9.10-’ 

4-96. 10-« 

Caprylic 

6-9.10-’ 

4-80. 10-« 

Capric 

3-6.1l>-» 

4-53. 10-« 

Laurie 

6-2.10-’' 

4-63. 10-« 
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Acid 

Myristic 
Palmitic 
Stearic 

Table L 

System: crystal violet base from one solution with benzoic acid from 

different solutions. 

Temperature: 25®, conductivity of the acetone: 6*7. 10—’^, conductivity 
of the crystal violet base 1/200 n: 2*0.10~“’. 
Conductivity of benzoic acid 1/200 n in system: 



A 3-7. 10-’ 

B 3-7. 

,10-’ 

C'41.10-’ 2)5-0.10-’ 

Opacity of 







athe vessels 

0*2630 

0*1928 

0-2303 

0-2435 


A 

B 



C 


D 

Time in 

Conduct. 

Time Conduct. 

Time 

Conduct. 

Time 

Conduct. 

minutes 

X 10» 

min. 

X 10' 

min. 

X 10' 

min. 

X 10' 

1 

0-09 

2 

009 

1 

0-07 

2 

0-14 

37 

0-61 

46 

0-76 

63 

0-89 

10 

0-30 

55 

0-83 

64 

0-94 

71 

1-11 

85 

1-20 

78 

107 

87 

118 

93 

1-38 

98 

1-32 

121 

1-47 

132 

1-59 

141 

1-78 

120 

1-51 

227 

213 

236 

2-26 

243 

2-37 

169 

1-89 

278 

2-34 

287 

2-44 

294 

2-56 

270 

2-41 

415 

2-72 

426 

2-76 

435 

2-89 

321 

2-67 

662 

2-98 

661 

306 

668 

3-16 

464 

2-87 

1121 

3-36 

1131 

3-41 

1138 

3-61 

695 

3-16 

1265 

3-44 

1277 

3-60 

1286 

3-59 

1165 

3-62 

1466 

3-53 

1474 

3-68 

1481 

3-69 

1316 

3-69 

1629 

3-62 

1637 

3-65 

1645 

3-76 

1508 

3-69 

2237 

3-84 

2247 

3-90 

2256 

3-99 

1673 

3-76 

2621 

3-97 

2632 

403 

2640 

4-14 

2286 

3-98 

2902 

404 

2912 

411 

2920 

4-21 

2668 

4-10 

3112 

4*09 

3122, 

4- 14 

3130 

4-27 

2948 

4-20 

4107 

4-30 

4117 

4-31 

4125 

4-49 

3158 

4-22 

4402 

4-30 

4412 

4-34 

4420 

4-51 

4153 

4-43 







4448 

4-46 

Points marked on fig. I: 

for A A, B 

X. C +, 

D O. 



Conductivity 
of the acid 1/200 n 
in acetone 

21 , 10-7 
2 * 2 . 10-7 
2*9.10-7 


Conductivity 
of the system-s with 
crystal violet base 
after 1800 min. 

4*46. 10-« 
4*04, 10-« 
4*00. 10-« 
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Table II. 

Systems: Crystal violet base from different solutions with benzoic acid 

from one solution.*) 


Temperature: 25**, conductivity of the acetone: 5-2. 10 “’, conductivity 
of benzoic acid 1/200 n: 1-8. 10—’ 

Conductivity of the crystal violet base 1/200 n in the system: 



A 

3-4. 10-’ 

B 2-5. 

10-’ 

C 5-2.10- 

D 

1-7.10-® 

Capacity of 







the vessels 

0-2435 

U1928 

0-2770 


0-2303 


A 

B 



C 


D 

Time in 

Conduct . 

Time 

C!ondiict . 

Time 

Conduc^t . 

Time* 

Conduct . 

minutes 

X 10® 

min. 

X 10® 

min. 

> 10® 

min. 

X 10® 

1 

0-09 

1 

0-00 

1 

0-06 

1 

0-14 

2 

0-10 

4 

Oil 

9 

0-23 

5 

0-23 

12 

0-24 

33 

0-49 

57 

0-84 

54 

1-02 

70 

0-82 

85 

1-03 

113 

1-41 

86 

1-46 

91 

101 

180 

1-78 

210 

2-15 

222 

2*64 

108 

M7 

400 

2-49 

433 

2-76 

344 

3-05 

241 

1*88 

950 

3-01 

977 

3-22 

615 

3-55 

282 

2-07 

1185 

3-18 

1509 

3-63 

717 

3-57 

505 

2-37 

1574 

3-36 

1600 

3-64 

1261 

3-94 

733 

2-59 

2431 

3.81 

2457 

3-99 

1793 

4-20 

1277 

2-87 





1881 

4-21 

1502 

2-94 





2735 

4-69 

1810 

3*14 







1893 

3-15 








In fig. IT curves marked with 1 correspond to the system A, with 
2 to B, with 3 to C, with 4 to 1), 


Table 111. 

Systems; Benzoic acid and crystal violet base, 
saturated with COo and pure. 

Temperature: 25®, conductivity of the acetone: 4*9.10"~’. 
Conductivity of the benzoic acid: 8-0. 10"”’. 

System 1: crystal violet base with conductivity 7*92. 10-®. 
System 2: crystal violet base without conductivity 3*6. 10—’. 
Capacity of the vessels: 1:0-2435 — 2:0*1928.**) 

*) The solutions B and C were made from one sample of pur© base. 
•*) Continuation of the tabic see on p. 329. 
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1 . 2 . 


Tim© in 

Conduct. 

Timt‘ in 

Conduct. 

minutes 

X 10* 

minutes 

X 10* 

1 

0*48 

2 

0*10 

6 

0*57 

11 

0*24 

12 

0*67 

41 

0*78 

32 

1*00 

134 

1*88 

135 

2*15 

752 

3*74 

160 

2*33 

835 

3*87 

300 

3- 15 

975 

4*52 

875 

4*09 

1790 

4*79 

1110 

4*32 

2077 

4*87 

2315 

4*99 

2370 

4*87 


In fig. in the curve 1 corresponds to the system 1 and the curve 2 
to the system 2. 


Table IV. 

Reproducibility of the results by using the same solutions for setting 

up the systems. 

Temperature: 25®. 

System 1 : crystal violet base and maleic acid, 

(jonductivity of the acetone: 4*8 . 10“^ 
capacity of the vessel: ()*263(), 
conductivity of the crystal violet base: 2-8 . 
conductivity of the maleic acid 1/200 n: 21 . 10-®. 

System 2: crystal violet base and acetic acid, 

conductivity of the acetone: 4 0 . 10“^, 
capacity of the vessel: 0-2435, 
conductivity of the crystal violet base: 4*2 . 10^^, 
conductivity of the acetic acid 1/200 n\ 1*7 . 10~^. 


1 . 2 . 


Time in 

Conduct. 

Tim© in 

Conduct. 

Time in 

Conduct. 

Time in 

Conduct. 

minutes 

X 10* 

minutes 

X 10* 

minutes 

X 10* 

minutes 

X 10* 

1 

1*50 

1 

1*44 

2 

0*36 

1 

0*22 

2 

1*51 

2 

1*49 

13 

0*63 

10 

0*63 

11 

1*56 

3 

1*51 

36 

0*88 

22 

0*70 

15 

1*56 

5 

1*52 

128 

2*11 

67 

1*49 

57 

1*56 

7 

1*54 

352 

3*97 

220 

3*11 

106 

1*57 

33 

1*56 

516 

5*16 

360 

4*43 


23 * 
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1 . 


Time in Conduct. Time in Conduct. 


minutes 

xlO* 

minutes 

xlO^ 

310 

1-60 

70 

1*56 

518 

1-60 

215 

1*58 

999 

1-60 

388 

1*59 

1196 

1-60 

1020 

1*59 


2 . 

Time in Conduct. Time in Conduct. 


minutes 

xlO* 

minutes 

xl0« 

766 

6-37 

685 

6-08 

1160 

716 

1250 

7-22 

1567 

7-58 

1502 

7-65 

1890 

7-82 

1761 

7-82 

2160 

7-85 

1904 

7-82 



2038 

7-88 



2193 

7-88 


On fig. IV the points of curve 1 marked with + correspond to 
the first column of system 1, those marked with O to the second 
column. The same concerns also curve 2 and the system 2 respectively. 


Table V. 


Systems: Crystal violet base and several organic acids. 
Temperature: 25®. conductivity of the acetone: 4*8 . 10”’. 
Conductivity of the crystal violet base 1/200 n\ 2-8 . 10 
Conductivity of the acids (1/200 n)\ 


Acetic acid 1*7 . 10”’ 
Benzoic acid 1*8 . 10-’ 
Glutaric acid 10*9 . 10”’ 
Succinic acid 7*4 . 10~’ 

(Table see 


Fumaric acid 7*3 . 10“’ 
Maleic acid 21*5 . 10”’ 
Malonic acid 15*9 . 10”’ 
Oxalic acid 19*7 . 10”’ 

page 328.) 


The curves in fig. V are plotted from these values. 


Received, March 1933, 

The Organic Laboratory of the Chemical Institute, 
The King Alexander University, Ljubljana, Jugoslavia. 


♦) The systems with acetic and benzoic acid were set up with crystal violet 
base solution of the conductivity 4*2 . 10 ’ and 3-4 . 10 ’ rt^spc^tiv’^ely. The 
differences in the effects are, however, so great, that the inexactness, caused 
by the use of different base solution, cannot be considerable. 



MOLECULAR COMPOUNDS IN LIQUID STEEL AND THEIR 
INFLUENCE ON THE DEOXIDATION EQI ILIBRIA 

by P. HERASYMENKO aiul F. POBORlL. 

1. Introduction. 

Owing to great experimental difficulties encountered in the investi- 
gation of the equilibria at high temperatures very little is known about 
the true nature of liquid metallic solutions, especially of liquid steel. 

Recently Y a p C h u - Ph a y has shown that the course of the liquidus- 
solidus curves in the Fe-C-system can be explained by assuming that 
the liquid solution of carbon in iron contains this element at low con- 
centrations of carbon in the atomic form and at concentrations above 
a])proximately 0*5 percent C as iron carbide molecules. 

However, the conclusions arrived at by Yap (^hu-Phay can be 
accepted only as a rough approximation. 

Most ])robably there is no sharp boundary between the solutions 
with a low and a high content of carbon and the true state of affairs 
can be more correctly described by assuming that carbon in liquid 
iron forms iron carbide molecules w hich are at a low content of carbon 
to a great extent dissociated in atoms of iron and carbon. 

Some experimental evidence to this point was given by H. Schenck, 
W. Riess and E. O. Briiggemann®) who have investigated the 
rate of carbon elimination in the open-hearth furnace, 

Intending to present a more detailed study of the equlibria in the 
Fe-C-system in a future paper, we wish to discuss in the present 
communication the equilibria in the Fe-6^i-0-system. 

The equilibrium diagram of the Fc-zSi-system suggests that silicon 
is present in liquid iron in the form of iron silicide, FeSi, because 
this compound melts congruently. 

We have investigated the course of the liquidus-solidus curves 
in the Fe-zSi-system in the vicinity of the melting point of iron by 
applying the same thermodynamic method as was used by Yap 
Chu-Phay. The experimental data bearing on this system were 
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recently compiled by M. G. Corson.®) Our calculations show that 
silicon cannot be dissolved in liquid iron as atomic silicon only, 
but that it should be to a great extent combined with iron as 
a silicide. The assumption that this silicide is FeSi proves to be 
the most probable one. 


2. Influence of iron silicides on the deoxidation 
equilibrium 2F€0+Si 2 Fe + 8i02- 


Experimental data on the equilibrium 

2 FeO + Si 2 Fe+ SiO^ are very scarce. 


The constant of this reaction 

” (Fk)]^ . [Si] 


(l)^) 


could not be directly determined, because there are no methods 
for quantitative determination of free silica in the slag and of free 
atoms of silicon in the metal phase. 

Several attempts have been made to determine the value of the 
product 

K'si = [FeO]® . [l^Si] (2) 


by measuring the concentrations of FeO and of total silicon in the 
liquid iron. 

The expression (2) can have a constant value only at certain con- 
ditions. As is seen from the equilibrium diagram of the FeO^SiO^ 
system (See Pig. 1) the slags containing approximately 60 per cent of 
silica are in equilibrium with solid silica at temperatures observed in 
the manufacture of steel. In this case we have in equilibrium four 
phases with three components: 

a) liquid solution of FcO, and silicon in iron, 

b) slag containing SiO^, FeO and their compounds, 

c) solid silica, 

d) vapour phase. 

In this equilibrium the content of [2VSi] or of [FeO] is uniquely 
determined by the temperature and therefore the product 
[FeO]® . [A'fi^i] should be constant at a constant temperature. 


♦) In this equation as well as in the following formulae square brackets denote 
the concentrations of substanc^es dissolved in metal phase, the round ones signify 
the concentrations in slag. The total (analytically determined) concentrations 
ar<^ denoted by -S' (e. g. (2W?‘0,), [2'iSi]), whereas the concentrations of free 
atoms or molcHSules arc written without this sign. 
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The experimental data by C. H. Herty and collaborators*) very 
nearly correspond to the condition expressed above, because these 
authors have evaluated the product K'si by measuring the concentra- 
tions of FeO and 2/Si in the iron which was in equilibrium with inclu- 
sions saturated with silica. The results obtained by these authors are 
compiled in Table 1. 



Fig. 1, 

It has to be noted that the metal contained a certain, although very 
small concentration of manganese which — as will be shown below — may 
have an influence on the value of product Kst* It is due to the latter 
fact that the values obtained by Herty show a tendency to increase 
with increasing content of manganese. 


Table 1. 

Experiments by C. H. Herty. 


Expt No 

% 

% 

\FeO] 

% 

K'^.f -IfeOPli’&VlxlO* 

( 2—16 — 2 

0075 

0-032 

0-056 

0-99 

F — 22 

0-097 

0-060 

0-044 

1-14 

F — 19 

0-083 

0-071 

0-049 

1-71 

F — 20 

0-087 

0-114 

0-038 

1-59 

F — 21 

0-084 

0-115 

0-041 

1-95 

( 2—17 

0-093 

0-138 

0-038 

1-93 

S—U 

0-180 

0-029 

0-087 

2-20 

T — 10 

0-196 

0-091 

0-054 

2-37 

T — 11 

0-194 

0-029 

0-068 

0-98 ? 
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The experimentally determined product Km = [FdO“\^[2:St] must 
considerably differ from the true constant ==^ [FeO]^[Si], because as 
we have shown above the concentration of atomic silicon, [Si], can be 
much smaller than the total content of silicon, [2Si], 

The total content of silicon is given by the expression: 

\lSi]== [Si]+h [FeSi] (3) 

where fi is the stoichiometric factor and [FeSi] represents the concen- 
tration of iron silicide. 

The concentration of iron silicide according to the mass action 
law is 

[FeSi]^^^- (4) 

From equations (2), (3) and (4) we obtain 

K'm - {FeOni\Si]=^ [FeOf[Si]{l + f.Kpesdf'e]} (5) 

Since at low total content of silicon the concentration of iron in the 
melt can be considered as practically constant, we may write 

{1 + fiK^r^^si)[Fe]} ^ A -- const. 

and 

[FeO ]^ . [ISi] = A;^,- , a (rya) 

It follows from the latter equation that the true deoxidation constant 
K'm is A times smaller than the empirically determined value of the 
product [FeO]2[2VSq. 

This circumstance can at least partly explain why the value of the 
empirical product [FeO]2[2Si| as found by Herty is of a different 
order of magnitude in comparison with the value of the product 
[Fe0]^[28i] calculated from the third law of thermodynamics on the 
assumption of atomic silicon in the melt.®) 

3. Deoxidation equilibria in the })resence of silicon and 

manganese. 

Let us consider the case when liquid steel containing manganese, 
silicon and iron oxide is in equilibrium with solid silica and a slag 
containing iron oxide, manganese oxide and silica. This case corresponds 
to bivariant changes in the system in which the independent variables 
are e. g. the temperature and the content of silicon. At a constant 
temperature the concentration of all molecular species in the metal 
as well as in the slag is in this case uniquely determined by the content 
of silicon. It is, however, easy to show that the value of the empirical 
product Km ~ [JPeO]*[2’Si] will not be constant if the formation of 
manganese silicides takes place in the liquid steel. 



335 


Let the interaction between manganese and silicon in the liquid 
metal be generally expretmed by the following reaction: 

xMn-\- Si Mrij-Si, 
the equilibrium constant K^nja being 


'[MnY\Si\ 

The total concentration of silicon is then 


( 6 ) 


[8i]+h l^e>Si]+ f, [Mn^Si] 

where /j and /g are stoichiometric factors. 

The empirical product K'si (for the case when the slag is saturated 
with silica) is: 

A'sv- \FeOn^\Sii = 

[FeOYlSi] {! + /,. AV..S-/ . {Fei + f, • = 

/2 • . [MnY) (7) 

The latter expression shows that the empirical product [FeO]2[21S'i] 
will be greatly influenced by the marigane^e content. 

In preceding chapters it was found that the concentration of the 
free (atomic) silicon in liquid steel can be of a lower order of magnitude 
than the total concentration of silicon. Therefore, it has to be expected 
that only a very small portion of manganese present in liquid steel will 
be bound in silicide so that we may put in the formula (7) instead of 
[Mn\ the total (analytically determined) concentration of manganese, 
[IMn], 

The dependence of the product, K'si — [FeO^^{XSi \ on the concen- 
tration of manganese can be determined by studying the equilibria in 
the acid open-hearth furnace, because in that furnace the slag tends 
to equilibrium with the acid lining (solid l^he metal con- 

taining FeO, Mn and Si, 

There are not many measurements of this kind reported in literature 
which can be used for the verification of our formula (7). The results 
by Herty and co-workers (see Table 1) seem to confirm our formula 
(7) in so far as they indicate an increase of the product Ksi with 
increasing manganese and silicon. A somewhat more reliable data on 
the reactions in the acid-open hearth furnace were published recently 
by P. Bardenheuer .®) Unfortunately this author has not stated the 
temperatures so that we have to make only a guess in this respect, by 
assuming that the temperature in the acid open hearth furnace at the 
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end of the melting period was approximately 1630 ± 16® C, which cor- 
responds to usually observed temperatures.*) P. Bardenheuer has 
adduced the diagrams of two acid heats in which no additions to the 
bath were made during the last hours of melting. The analytical data 
derived from these diagrams are given in Table 2. 



0^ 02 02 04 05 


y.Mn 
Fig. 2. 

♦ Herty’s experiments. o Bardenheuer’s experiments. 



It has to be expected that the equilibrium constant of the reaction 2FeO -f* 
Si 2Fe ■f'iS'ijOa will be much influenced by temperature changes because the 
heat of this reaction is very large. 
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The values of K^i obtained by Herty (Table 1) and derived from 
Bardenheuer’s diagrams are plotted in the diagram, Pig 2. against 
the manganese content. 

The dependence of the empirical product Kst on the concentration 
of manganese is quite evident from this diagram. Thus, we may regard 
that our formula (7) is essentially correct. This dependence is approxim- 
ately exponential which fact also agrees with expression (7). 

The experimental results adduced in our diagram do not allow to 
make exact conclusions as to the value of the exponent x in formula 
(7) because we 3o not possess the temperature data. It is evident, 
however, that x is either 2 or 3. 

The semi -quantitative agreement of our deductions with the observ- 
ed facts i)ermits us to draw the following conclusions which are of 
impoi*tance for the theory of equilibria between liquid steel and acid 
slags: 

1. Silicon dissolved in liquid steel is to a great extent bound into 
silicides of iron and manganese; 

2. only atomic silicon takes direct part in deoxidation equilibria, 

3. at a constant total content of silicon the concentration of free 
(atomic) silicon decreases with increasing concentration of manganese 
according to the mass action law, and, therefore, 

4. the deoxidising effect of silicon in liquid steel containing manga- 
nese is considerably lower than in steel without manganese. 

As an illustration of the latter conclusion may serve the values for 
the content of FeO (O^) in acid steel as reported by P. Bardenheuer. 
The heat which contained a lower manganese content (0*20% Mii) 
showed at the end of melting period on average a lower content of iron 
oxide in the metal than the heat with higher content of manganese 
(0*36% Mn), although in the latter case the content of total silicon 
was higher. 

Our theory allows also to make a further important conclusion, viz. 
that the acid steel will reduce the more silicon from the slag the higher 
is the manganese content in the metal bath. This phenomenon w^as 
experimentally observed by F. Perrin,’) who found that when a steel 
of approximately equal initial content of iron oxide and silicon is 
vigorously stirred with a synthetic acid slag composed of silica and 
lime, the metal takes up the more of metallic silicon from the slag the 
higher is the concentration of manganese in the metal. 
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Summary. 

By applying thermodynamic treatment to the iron-silicon system 
it was found that the assumption of the existence of iron silicide in 
liquid steel does not contradict the course of the liquidus solidus curves 
in the vicinity of the melting point of iron. 

Only free (atomic) silicon present in liquid steel (in equilibrium with 
iron silicide) takes direct part in the deoxidation processes. On the 
addition of manganese to the liquid steel the concentration of atomic 
silicon further decreases owing to the formation of manganese silicide 
of the general form MurSi. The probable value for x is 2 or 3. 

Therefore the deoxidation effect of silicon in liquid steel containing 
manganese is considerably lower than in steel without manganese. 

This theory is well supported by the experimental results of P. Bar- 
denheuer, C. H. Herty and P. Perrin. 

Received July 14 th, 1933. 
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THE SOLUBILITY OF CALCIUM lODATE IN WATER AND IN 
AQUEOUS SOLUTIONS OF SOME ELECTROLYTES 

by J. B. CHLOUPEK, VL. Z. DANES and B. A. DANESOVA. 

In one of our previous publications*) we studied the valency effect 
of the ions of strong electrolytes on the activity of cerium iodate in 
aqueous solution. We resume shortly our results thus: 

The' to-day theory of strong electrolytes is not comprehensive enough 
as yet to explain rigidly quantitatively the experimental results in 
cases where there coexist in aqueous solution the salts of the assym- 
metric type and of higher charged ions (in our own case, the (3:1) 
salt, cerium iodate, and the (1 : 2) salt, potassium sulphate). From 
theoretical reasons the knowledge is desirable how far goes the in- 
fluence of the high charge, and if the anomalies observed could be 
encountered also in the case of lower-valency ions. This reavSon led us 
to determine the solubility of calcium iodate in the solutions of the 
same electrolytes as in the paper already referred to. 

The preparation of materials. 

The calcium iodate was obtained by precipitating a solution of 
calcium chloride with a cold dilute solution of potassium iodate. The 
calcium chloride resulted from calcium carbonate (Merck pro an.), 
dissolved in c. p. hydrochloric acid and purified according to the di- 
rections given in Archibald’s treatise.*) The calcium iodate 
settled slowly out from dilute solutions mechanically agitated and 
formed a coarse crystalline precipitate. The salt was separated by 
suction filtration from the mother liquor, suspended in three times 
distilled cold water and left there 48 hours imder continuous mechani- 
cal stirring. Then it was allowed to settle down, was decanted and the 
whole procedure was repeated eight times. This well-washed substance 
was then rassembled by suction on a large Jena-glass filtering funnel 
and freed from water adhering mechanically by a stream of dry air 
carefully purified from dust. A small portion of the resulting product 
was then prepared for analysis by further drying. 
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The mean of several determinations is: 

GaO 14-28 %, 85-04 %, 

whereas the theory demands: 

CaO 14-38 %, / 2 O 5 85-62 %. 

Further testing of this material convinced us that the slight diffe- 
rence to 100% was due entirely to remaining traces of water. 

The experimental procedure and the results. 

The saturating of the solutions, the sampling and filtration a. s. f. 
was carried out in the same manner as given in a preceding paper.*) 
The working temperature was 25:}: 0*005® C. The analysis of the 
samples was carried out by the iodometric weight titration. 

The previous investigators who gave the solubility values for cal- 
cium iodate hexahydrate in pure water at 21 ® and 35® C were F. My- 
lius and R. Funk.^) The interpolated value for our chosen tem- 
perature is 0-36% or 9*3 millimols (anhydr. subst.). This value is 
decidedly too high as one can see from the more recent results of very 
careful measurements due to A. E. Hill and St. F. Brown.*) 
They found in a series of experiments (the results obtained by reaching 
the equilibrium from the higher and the lower temperature differed 
only by 3 p. p. m.) 0-306% for the solubility of this salt at our chosen 
temperature. Our own result, presented as the mean from eight expe- 
riments both from “above” and from “below”, is this: 

the solubility of calcium iodate present in the solid phase as hexa- 
hydrate at 25-00® C is 0-303% of anhydrous substance, i. e. 7-773 mJf, 
the mean deviation being 0-25 p. p. m. 

We shall give now directly our results of the solubility determina- 
tions of this salt in aqueous solutions of ?ieveral electrolytes. 


Table I. 


KNOt 

Solubility 

Total ionic 

Number 

M 

mM 

gr/1000 g HtO 

strength 

of det. 

0 (H/)) 

7-7731 

3-031 

0-02332 

8 

0-005 

8-0132 

3-125 

0-02904 

3 

0-01 

8-2200 

3-207 

0-03464 

8 

0-02 

8-6977. 

3-393 

0-04609 

8 

0-05 

9-4761 

3-695 

0-07843 

4 

0-1 

10-522 

, 4-102 

0-13157 

8 

0-2 

11-987 

4-677 

0-23696 

4 

0-5 

15-032 

5-861 

0-54510 

4 
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Table 2. 


KtSOt 

Solubility 

Total ionic 

Number 

M 

mM 

Sr/1000 g 

strength 

of dot. 

0 002 

81949 

3196 

0-03059 

6 

0005 

8-6886 

3-389 

0-04107 

4 

001 

9-4014 

3-666 

0-05820 

4 

002 

10-5283 

4-108 

0-09159 

3 

005 

13-0166 

5-077 

0-19205 

6 

01 

16-130 

6-290 

0-34839 

8 


Table 3. 


MgSO^ 

Solubility 

Total ionic 

Number 

M- 

mM 

ff'IOOO Sf HiO 

strength 

of (let. 

0-002 

8-254 

3-219 

0-03276 

4 

0-005 

8-709 

3-397 

0-04613 

4 

0-01 

9-394 

3-663 

0-06818 

6 

0-02 

10-489 

4-090 

0-11147 

6 

0-05 

12-698 

4-952 

0-23809 

8 

0-1 

14-794 

5-768 

0-44440 

8 


Table 4. 


MgCk 

S o 1 u b 1 

ility 

Total ionic 

Number 

M 

mM 

g'lmig HfO 

strength 

of dot. 

0-002 

8-002 

3-121 

0-03001 

4 

0-005 

8-367 

3-262 

0-04010 

4 

0-01 

8-830 

3-444 

0-05649 

4 

0-02 

9-585 

sna 

0-08875 

3 

0-05 

11-107 

4-331 

0-18332 

4 

0-1 

12-630 

4-924 

0-33789 

4 


The tabulated results represent the average of several (at least four) 
determinations, the maximal deviation being 1 p. p. m. The solubility 
of calcium iodate in solutions of jK)tas8ium sulphate could be determin- 
ed with precision only up to 0*1 M Above this limiting con- 

centration, the results were not independent on the quantity of the 
solid phase present. The reason for this anomaly was found to be the 
formation of a new salt phase, the syngenite, as one of us has proved 
elsewhere.®) In all other cases, the solid phase was the calcium iodate 
hexahydrate, as was shown by test analyses. 
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Summary. 

This paper contains the solubility determinations of calcium iodate 
at 25' 00® C in water and aqueous solutions of the following strong 
electrolytes: potassium nitrate, potassium sulphate, magnesium chlo- 
ride and magnesium sulphate, between the concentration Unfits 
0 002— 0 1— 0-5 M. 

The theoretical evaluation of the experimental results here published 
from the point of view of the now current theory of strong electrolytes 
will follow shortly. 

Received July 2 let, 1933. 

The Institute of Physical Chemistry, 
Faculty of Chemico-technological Engineering 
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REMARQUE SUR 

LA preparation des dErivEs DU i-phEntlnaphtalEne 

par V. VESELY et F. STUR8A. 

Le 1 'phenylnaphtaltee a ete prepare jmrR. Weiss et K. Woidich, ') 
ot eela soit par action du bromure de phenylmagnesiiim siir le 1-ceto- 
t(^traliydronaphtalene (1-tetralone), soit en partant du bromure de 
l-naphtylmagnesium etdela cyclohexanone. Les produits d'additioiu 
dfk^om poses par lean, leur ont fourni les al cools (*orrespondants. 
(^eux-ci ont 6te transformes, par distillation avec perte d'eau, en 
1-phmyInaphtalenes hydrogenas. La deshy drogenati on de ces hydro- 
(*arbures a ete opfh’ee par chauffage avec du soufre. 

Dans la nitration du 1 -phenylnaphtalene, We i s s et Wo i d i c h avaient 
obtenu un corps mononitre dent le groupe nitro se trouve, a leur 
avis, en position 5 ou 8. Tls ont ete amenes a cette opinion pour la 
raison suivante: Par reduction du corps nitre ils ont obtenu une amine 
(]ui, copiilee avec la p^nitrophenyl-nitrosamine sodee, leur a donne le 
colorant azoique resj>ectif. En r^duisant le colorant ils ont isole une 
diamine dont les proprietes ne repondaient pas a celles d’une ortho- 
diamine. Ils (Toient Tavoir demontre par Tobservation que la diamine 
fournit \m produit diacc^tyle normal et qu'ils n’ont pas reussi a la con- 
denser avec le glyoxal en quinoxaline. Les resultats de ces essais les ont 
conduit a attribuer a leur diamine la formule suivante: 

NH,\ 

/\/ \ 


NH, 

Toutefois, cette supposition est en contradiction avec les regies de 
substitution observe sur le noyau naphtalenique*) et qui laissent 
pr^voir que la nitration du 1-ph^nylnaphtalene foumirait surtout le de- 
rive nitr4 en 4. Afln d’4olaircir cette contradiction, nous avons repute 
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les essais de Weiss et Woidich, et nous avons r6ussi k d^montrer que 
le d6riv6 nitre, prepare par ces auteurs, possfede reellement le groupe 
nitro en position 4. Quant a la diamine citee ci-dessus, nous avons re- 
connu qu'elle repond a la formule IV, car elle fournit, dans la conden- 
sation avec la phcnanthrenequinone, la phenanthrazine V : 
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NO, 

NHCOCH, 

NHCOCH, 
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En remplagant, enfin, dans le 4-amino- l-phenylnaj)litalene le groupe 
amino par le brome, en nous servant de la reaction de Sandmeyer, nous 
sommes arrives au menie bromophenylnaphtalene qu’avaient obtenu 
Weiss et Woidich lors de la bromuration du 1-phenylnaphtalene. 
Notre observation refute en nieine temps rafflrraation de ces auteurs 
que la dite amine ne se laisse pas diazoter. 


Partie experimentale. 

UPMnylnaphtalem. — Get hydrocarbure a ete prepare de la fa 9 on de- 
orite par W eiss et Woidi eh . Quant k la deshydrogenation du 3 . 4-di- 
hydro- 1-ph^nylnaphtalene obtenu a }>artir du bromure de phenyl - 
magnesium et de la 1-tetralone, nous I’avons operee au moyen de 
brome de la maniere suivante: 20 gr de dihydro-phenylnaphtalene 
(phenyldialine) dans 100 cc de chloroforme sont additionn4s d'une 
solution de 34 gr de brome dans le meme solvant. Le chloroforme est 
chasse par distillation, et la dibromo-phenyldialine r^siduelle est 
ehauffee a 180 — 220® jusqu’a ce que le degagement de HBr ait oess^. 
La distillation fractionn^e du produit obtenu fournit 10 gr de phenyl- 
naphtalene, passant sous 10 mm Hg a 186 — 188®. 
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4-Nitro-l-ph4nylnuphtalkne II. — 10 gr de 1-ph^nylnaphtalfene sont 
dissous dans 25 gr d’acide acetique anhydre; la liqueur refroidie est ad- 
ditionnee, goutte a goutte, de l^bgr (2 i^naol.) d acide azotique {d == 151). 
La nitration terminee, on chauffe k 50® au bain-marie pendant une heure. 
La solution refroidie abandonne le nitro-phenylnaphtalene que Ton 
cristallise d’abord dans ralcool, puis dans la benzine de petrole (p. d’eb. 
100 — 110®). Le corps fond k 132®, ce qui concorde avec Tobservation de 
Weiss et Woidich. Rendement 5 gr. 

4-Amino-l-pMnylnaphtalene.. — Dans un melange chaud de 150 cc 
d’eau, de 4 cc d’acide acetique et de 30 gr de limaille de fer on introduit, 
par petites portions et avec agitation, 5 gr de nitrophenylnaphtalene 
en poudre. Apres 2 heures de chauffage la reduction est terminee. On 
alcalinise par addition de Na^CO^ . on separe le pr^cipite par essorage. 
et on I'epuise phisieurs fois par Talcool. L'aleool est chasse, Tamine 
residuelle est eristallis^e dans la benzine de petrole (p. d’eb. 80 — 100®). 
Le corps est en aiguilles incolores fondant a 73 — 74®. Le sulfate et 
riiydrobromure de cette amine sont pen solubles dans l ean. 

IjC derive acetyle ciristallise dans le melange acide acetique -fbenzcne 
en lamelles fusibles a 167 -168® (d’apres W. et W. a 109 — 170®). 

Dosage d’azote sur ramine libre: 

Substance: 16*248 mgr. N 0 99 cc (24®, 741 mrn). 

Calcule N 64®;o. 

Trouvc N 6 €)®/p. 

3-NHro-4-ac^,amino-l-pM7iyhuiphtalenE III. — A une solution de 10 gr 
d’acetamino-ph(5nylnaphtalene dans 40 gr d’acide acetique anhydre 
on ajoute, goutte a goutte, 2-5 gr d'acide azotique (d - 1*51), en ne 
laissant pas la temperature d^passer 30®. Le corps depose apres refroidis- 
sement est cristallise dans Talcool. II est en aiguilles minces, jaunatres, 
fusibles a 207 — 208®, peu solubles dans l alcool, dans le benzene, dans 
Facide acetique anhydre et dans Tacetate d’ethyle. Rendement 8 gr. 

Dosage d’azote: 

Substance: 17*992 mgr, N 1*49 cc (20®, 735 mm). 

Calcule N 9'l«/o. 

TrouvcS N O O®/^. 

3-Nitro-4-amino-l-pMnylnaphtalene. — 6 gr de produit acetyle sont 
chauffes avec 80 cc d’aloool et 70 cc d’acide chlorhydrique concentre. 
La nitramine obtenue cristallise dans le benzene en lamelles orangees 
aplaties, fusibles k 151 — 152®, 
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Dosage d'azote: 

Substance: 15*220 mgr, N 1*48 cc (20®, 740 mm). 

Calculi N 10*6®/o. 

Trouve N 10-8®/o. 

3 . 4-Diamino-l-phsnylmphtalene IV . — l*3grr de nitraminedans25cc 
d’alcool sont additionn^s de 2-5 gr de SnCl^ , de 8 cc d’acide ohlor- 
hydrique concentre et d’un morceau d’etain m^tallique. Le melange 
est chaujffe jusqu'^ decoloration. La liqueur abandonne, apres refroidis- 
sement, le sel double stanneux qui est redissout dans I’eau et d^bar- 
rasse de retain par action de H 2 S et filtration du sulfure depose. 
Le filtrat abandonne, apres concentration, rhydrocliloriire de la di- 
amine sous forme d’aiguilles incolores, ternissant au contact de fair. 
La diamine libre, obtenue a partir de riiydrochlorure sous Taction de 
la soude caustique aqueuse, <‘,st epuisee a I’ether, le solvant est chasse, 
et le residti est cristallise dans la benzine de ])etr()le (p, d'eb. 100 — 110®) 
avec decoloration a la carboraffine. On Tobtient ainsi en lanielles inco- 
lores, fondant a 100 — 101® et ternissant a Tair. 

Dosage d’azote: 

Substance: 15*125 mgr, N 1*07 cc (21®, 730 mm), 

Calcule N 12 0Vo. 

Trouve N 12*2®/o. 

1 -Ph4nyln>aphtalene‘3 . 4-phdnazine V. — Une solution alcoolique de di- 
amine est additionnee de la quantite ecpiivalente de ph6nanthrenequi- 
none dans Tacide acetique anhydre. Chauffee TebuUition, la liqueur 
laisse ddposer sous peu un produit qui, recristallise dans la pyridine, 
forme de minces aiguilles jaunes, fusibles a 277 — 228®. La solution dans 
la pyridine presente une faible fluorescence. 

Dosage d’azote: 

Substance: 23*405 mgr, N 1*45 cc (10®, 742 mm). 

Calcule N 6*9®/(j. 

Trouve N 

4-Bromo-l-phenylnaphfulene.-Jj hydrohromme de 4-amino-l-ph6nyl- 
naphtalene est dissous dans Tacide acdtique, et la liqueur est diazot4e 
en presence de 7/2^04 , Le diazolque est dedoubl^ au moyen de CuBr, 
Le corps obtenu cristallise dans Talcool en brillantes lamelles incolores, 
fondant k 76—77®. 
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Dosage de brome: 

Substance: 0 0602 gr, AgBr 0*0393 gr, 

Cklcul^ Br 28-24‘Vo. 

Trouve Br 27*78%. 

Laboratoira de Chmiie organiqne 
a rEcole Polytechnique f cheque de Brno 
( Tchecoslot^aquie ) . 

Bibliographic : 

*) Monatsh, 192*1, 46, 453, 

=*) Voir Vosoly et Jakc§, Bull, Soc. chim. 1923, 954. 
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LA TRIBOLUMINESCENOE DES HALOG^NURES MERCUKEUX 

par J. H. KftEPELKA et D. F. NOVOTKt.*) 

Lors de la preparation du chlorure mercureux pur et parfaitement 
sec en vue d’exp^riences photochimiques nous avons trouve qu'il 
presentait la triboluminescence, ph^nomene qui n’avait pas: cte^ 
constate jusque Ik chez ce sel. Notre produit a ete prepare, en suivant 
les indications de Schmidt^) modifiees par R. Varet, par precipita- 
tion la lumiere inactinique, en vases de siirete en verre jaune, du 
chlorure de potassium pur (Kahlbaum pro analysi) par de Tazotate 
mercureux (Merck pro analysi). Apres des decantations repet6es, 
il a ete recueilli dans un creuset de filtration Schott en verre, lave 
a Feau froide jusqult plus de reaction d’ion 01/ ni IJ\ puis seche, 
a robscurite et a 108®, pendant plusieurs heures. Le creuset avec son 
contenu a ensuite ete abandonn^ pendant 48 heures dans un dessiccateur 
muni de chlorure de calcium, Lorsque la poudre amorphe ainsi obtenue 
fut remu6e par une baguette de verre seche, on put observer, a la 
lumiere rouge tami86e, une scintillation assez . intense anx endroits 
oil la baguette touchait le chlorure mercureux. Apres un temps tres 
court, de 3 4 5 secondes environ, le phenomene disparut completement 
sans pouvoir etre reproduit, pas meme par agitation intense. Tout 
d'abord, nous ramenions le phenomene a I’influence de I’humidite 
atmosph^rique, notamment pour cette raison qu’il i-eapparaissait 
avec la meme intensite apres un sejour ulterieiir du sel an des- 
siccateur et agitation avec une miire baguette, lei encore, il dis- 
paraissait au bout de peu de temps. Pour ^tudier le phenomene, le 
creuset renfennant la substance a ete introduit dans un dessicca- 
teur k vide a tubulure lat^rale par laquelle passait un bouchon de 
caoutchouc portant une baguette de verre. Co dispositif permettait 
d’agiter la substance dans une atmosphere parfaitement seche. L'expe- 
rience a toutefois montre que la dur^ de la ,,scintillation‘' iFen subit 
aucune prolongation. Nous avons constate en outre que si Tagitation 

♦) M^moire pr^sent^ itlaCeskd Akademie vSd a umSni (Acaxl^mie tcheque 
des Sciences et des Arts) lo 10 novembro 1932. 
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k Fair, c’est-^l-dire sans emploi d'un dessiccateur, est suocessivement 
op^rde k Taide de plusieurs baguettes sfeches, aucune des scintillations 
obtenues ne d^passe la courte dur^ initiale et qu’on n’arrive pas k la 
prolonger, Finalement, Tobservation qu’il suffit d’essuyer au moyen 
d’une toile sfeche ou une peau la baguette ayant d^j4 provoqu^ la 
scintillation, pour lui conferer de nouveau cette aptitude, montra 
clairement que la cause de la disparition rapide de la scintillation 
reside en ce que, pendant Tagitation, le bout de la baguette se re- 
couvre d'une faible ’ couche de chlorure mercureux. 

Une baguette propre ne manque jamais a provoquer la scintillation 
d’un produit donne. En poursuivant nos essais nous nous sommes 
assures que ce curieux phenomene ne se laisse pas expliquer de la meme 
manifere dans tous les cas, et nous avons ^te obliges de chercher des 
analogies chez d'autres luminescences similairos. C’est ainsi que nous 
avons ^t6 amen4 a etudier, dans des conditions analogues, la tribo- 
luminescence ou cristalloluminescence qui prend naissance lors du 
broyage du glucose et de Tazotate d’uranyle. Nous avons constate, 
par exemple, que le glucose finement pulv^ris^ (dans un mortier 
d’agate) presents un phdnomene analogue, quoique avec moins de 
rapidito. 

Peut-etre doit-on attribuer cette difference au fait que les monues 
particules du calomel amorphe ou microcristallin adherent beaucoup 
mieux a la baguette que les fragments relativement gros des cristaux 
du sucre. L’azotate d’uranyle finement pulverise se comportait de 
meme. Ces analogies peuvent done, tout au moins partiellement, 
fournir Fexplication de Torigine du phenomene observe. Nous nous 
sommes occup^s de la question, d’une maniere plus approfondie, 
lors de F^tude de Finfluence de la forme cristalline sur Fintensit^ de 
Foscillation. 

De la maniere signalee nous avons fixe le mode op^ratoire qu’il 
faut employer pour reproduire le phenomene volonte. 

D’autres essais avaient pour but de determiner: 

A ) les propri^t^s des radiations observees, 

B) leur origine, 

C) les facteurs exteSrieurs par lesquels elles sent essentiellement 
influencees. 


A, Propri6t4s de la triboluminescence. 

1. La teinte se rapproche beaucoup du blanc et possMe une faible 
nuance verte. Pour determiner plus exactement la composition de la 
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radiation observe, une analyse spectral© d'information a ete faite. Tout 
d’abord, on a op6r6 par voie visuelle avec un spectroscope Zeiss h, vi- 
sion direct© et un simple appareil a prisme. L’observation etait con- 
sid^rablement entrav^e par le peu d’intensite de la scintillation et la 
manifere intermittante et peu commode de son excitation par agitation. 
Au cours de longues experiences, faites a robscurite parfaite, le spectre 
a ete entrevu plusieurs fois, il est vrai seulement pour un instant. 
II paraU Draisernblable qua la radiation observie un spectre ccyn- 

tinn, tout au moins peut-on dire presque avec certitude que ce nest pas 
un 8][)ectre de raies. 

Les essais faits pour saisir le spectre par voie photograj)hique j)re- 
sentaient encore plus de difficultes, Notre dispositif, simple en somme, 
se composait d’un spectroscope a prisme de dispersion peu considerable; 
nne chambre photographique a ouverture relativement considerable 
(f: 3*5) etait substitue au collecteur. Bien que le temps de pose eut 
ete prolong© jusqu’a 2 heures, la moindre trace de spectre n’a pu 
etre constate©. 

2. UintensiU varie d'une maniere extraordinaire et depend d’une 
foule de facteurs exterieurs (temperature, traces d’humidite, traces 
d© corps etrangers, milieu dans lequel la substance est conservee, 
forme cristalline. edairage, pre88ion,etc.). L'intensitemaximum s’obte- 
nait constamment avec un produit precipite a Tetat d’une tres fine 
]>oudre amorphe et parfaitement desseche© ensuite. 

Par suite de Tinconstance considerable du phenomene et de son peu 
de duree, rintensite n’a pu ctre determinee photometriquement; 
elle n’atteint certainement qu’une faible fraction d’une bougie nor- 
mal©, mais dans les cas favorables elle depasse celle des phenomenes 
de phosphorescence connus (sulfures des metaiix du deuxieme groupe 
dans le system© j^eriodique, triboluminescence du sucre, etc.). A ces 
faibles intensites il a ete necessaire de tenir comj)te de la sensibilite 
individuelle de Tmil. Pour obtenir des resultats comi)arables, Tobser- 
vation de I’intensite a regulierement ete faite a robscurite complete. 
En vue de Faccommodation de Tceil, la premiere mesure n’a ete 
effectue© que 7 minutes apres Textinction de la lumiere. 

3. V action sur la plaque photographique a ete etudie© par un© serf© 
d’experiences dont Texecution ne differait que par rarrangement 
permettant d’envoyer la radiation sur la plaque avec le maximum 
d’intensite, ©n evitant Pabsorption par tout milieu etranger, 

Dans les premiers essais negatifs la plaque a ete impressionn6e de ma* 
nifere direct©, c’est-4-dire par la scintillation traversant les parois en verre 


26 * 



370 


du creuset de filtration. L’impression coiisistait en 50 courts ^cMrages 
partiels provoqu^s en agitant, au moyen d'une baguette tenue propre, 
aussi longtemps qu’une scintillation se laissait observer. Plus tard, 
nous photographiions, d’en haut, le creuset entier au cours de la 
scintillation (appareil Schneider, Xenar, / 15 centimetres, ouverture 

relative / : 3-5) et cela a double distance focale (image de meme 
grandeur que Tobjet). I/agitation etait op^ree par une baguette en 
verre coudee de maniere a permettre a la radiation d’entrer directe- 
ment dans Tobjectif. temps de pose a ete notablement prolonge. 
II est vrai qu'apres developpement il n’a pas possible de trouver 
une image du creuset illumine, mais le noircissement de la plaque 
rev61ait nettement I’effet de la radiation. 

Enfin, nous avons essaye d'impressionner une plaque sensible d’une 
fagon analogue, mais directement, c’est-a-dire sans employer d’appareil 
photographique. Pour eela, la plaque a ete fix^e immediatement sur 
le creuset, et ragitation a ete effectuee, ici aussi, aTaided^une baguette 
recourbee. Le developi)ement de Tepreuve negative a raontre que les 
radiations en question sont absorbers dans une large mesure par le 
verre, car, outre la tache fonc(k> produito au voisinage immediat du 
creuset, la surface restante de la jdaque n’a ete impressionnee que 
tres faiblement. (.rest k jieine si un voile optique a pu etre constate. 

Les essais signal^s ont mis en Evidence: 1. que le rayonnement com- 
qmant la scintillation des Imlogenures mercureux imyressionne la plaque 
photographique: 2. quil renferrne des rayons actifs a onde courte qui 
sont absorbds par le verre. 

4. La scintillation observee a pour caractere essentiel d'etre limit ee 
aux halogdnures mercureux et mercurique^, e'est-a-dire au chlorure, 
bromurc et iodure mercureux, aux chlorure et bromure mercuriques. 
1^ fluorure et Tiodure mercuriques (ce dernier sous ces deux ^tats 
allotropiques), par centre, ne donnent aucune scintillation. Le 
chlorure mercureux necessaire a ete prepare de la maniere signal^ 
plus haut, le bromure mercureux, par precipitation analogue, Tiodure 
mercureux, de meme, par double decomposition d’un iodure et d’une 
solution acide d’azotatc mercureux. Le chlorure mercurique a ete 
employe sous forme d’un produit pur Kahlbaura ou encore prepare 
par dissolution d’oxyde de mercure pur (forme jaune) dans Tacide 
chlorhydrique concentre et evaporation k sec de la solution obtenue. 
Le bromure mercurique pur a ete prepare de manifere analogue en 
dissolvant Toxyde de mercure dans de Tacide bromhydrique redistill^. 
Pour obtenir ce dernier directement a lYtat pur, c'est-ii-dire exempt 
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de brome iibre, on a distill^ le melange resultant de Thydrolyse 
du tribromure de phosphore. L’iodure mercurique (a Tetat rouge) 
a 4te prepare, d’une part, par voie seche en triturant de Tiode avec 
du mercure redistill^, d’autre part, par voie humide, c’est-^«dire par 
precipitation avec sublimation ulterieure. Pour preparer le fluorure, 
nous dissolvions Toxyde de mercure dans Tacide fluorhydrique con- 
centre. Afin d’eviter Thydrolyse, le produit blanc a ete immediate- 
ment separe des eaux meres et lave, d'abord a Facide fluorhydrique, 
puis, apres decantation reiteree, au moyen d’ether ethylique sec. 
Le produit a ete place ensuite dans un dessiocateur oi'i Ton a fait le 
vide jusqu'a complete elimination de I’ether. Tons nos produits, 
aussi purs que possibles, ont ete etudies dans des conditions egales, 
o/est-a-dire pour une meme duree de dessiccation (24 heures k 180*’ 
ct 24 heures de sejour au dessiccateur) et pour un meme temps d'ac- 
oommodation accorde a Toeil de Tobservateur. On a constate que 
flour les divers produits Fintensite ne varie pas si toutes les autres 
(conditions (surtout la disfiersion et la forme eristalline) restent les 
memes. 

Aucun parmi les autres composes de mercure un peu accessibles n’a 
presente le phcmomene de la scintillation. Voiei Fenumeration des sels 
qui ont donne ce resultat negatif: HgO, HgNO>^, IfgSO^, Hgl^ -NH^CL 
Hg/W,. Hg(CN)^, Hg(NO^)^. 2 HgO , IlgSO,. Hg(.%.2 NH,(7I . II/), 
Hg^NH^NO^, Hg(%.NH/0h //(7^V(les deux formes), Ilg^SO,. rig^(PO^)^, 
fig/), Hg(NH^)/%, Hg(n^.2HgS, NH^.HgCL 

Outre les composes du mercure nous avons soumis a Fc'tude ceux 
des elements apparente au mercure. 

Notre attention a surtout etc dirigec sur Fargent. Des essais ana- 
logues ont ete faits avec certains composes du cuivre (chlorure cuivreux) 
et de For (protochlorure et trichlorure). Avec les sels thalleux, 
offrant une ressemblance frappante avec les sels mercureux, quelques 
experiences ont egalement ete effectuees (azotate, chlorure). 

Enfin, c’etait le tour des elements plus electronegatifs du deuxieme 
groupe dans le systeme periodique, du zinc et du cadmium, chez les- 
({uels nous avons etudie principalement les chlorures et les bromures. 
(?hez aucun de ces elements nous n’avons pu constater une scintillation 
analogii.e k celle du mercure. On ne saurait affirmer avec certitude 
qu’elle n’existe point, mais dans les conditions de nos experiences il 
a ete impossible de la constater visuellement. 

En oe qui ooncerne les autres elements du deuxieme groupe, leur 
etude fera Fobjet de recherches ulterieures. 
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Le mercure seal ne pr^sente pas non plus de scintillation du genre 
observe. Au cours de notre recherche, si quelqu’un des corps 6tudi6s 
montrait la ,,scintillation‘', tout au moins k un degr6 moindre, la cause 
a toujours pu etre ramenee a la presence de traces d’un halog^nure 
provenant de la preparation du produit, ou bien k la formation 
ulterieure par d^doublement d’un compost instable (sels complexes 
k base de chlorure mercurique). Ces cas se sont presentes principale- 
ment chez le cyanure et sulfure (a T^tat rouge) mercuriques, le chlorure 
de mercuri -ammonium (HgCl^ . 2 NH^Cl . H 2 O), et d’autres. Mais 
dans tous ces cas on a pu, par purification soignee, obtenir des corps 
purs prives de scintillation. 

Une circonstance nous frappait toutefois, c’est que meme des pro- 
duits tr^ purs de sublim^ coiTosif et de broraure mercurique, tant 
qu’ils n’avaient ^t^ s6chd qu’au dessiccateur k la temperature ordi- 
naire, presentaient une scintillation relativement trfes faible. En effet, 
la dessiccation a 110®, prolong^e k 24 heures, a eu pour effet une 
augmentation notable de la scintillation, de sorte que son intensitc^ 
atteignait celle des autres corps etudies, notamment celle du calomel. 
Ce dernier toutefois, meme quand il n’avait pas subi une si parfaite 
dessiccation, offrait une scintillation trfes considerable. Ce ne furent 
que les experiences effectu^es plus tard avec la fluorescence en lumi^ire 
ultraviolette qui mirent en evidence que la scintillation est une 'pro- 
priM caractSristique des seuls Imlogenures du mercure monovalent; les 
composes du mercure bivalent paraissent la presenter seulement q'uand 
ils sont souillds de composes mercureux, meme si ces dernier s s^'y iron- 
vent en 'proportion extremement faible, 

5. Ind'uction, Voici un autre caractere int^ressant de la scintillation 
en question. O’est le fait que dans certaiiis cas elle n’apparait pas des 
le d6but, mais seulement apres im temps determine. Mais une fois 
produite, elle r^apparait constamment et cela avec une intensity crois- 
sant jusqu’^ une certaine mesure. La p^riode initiale, oil il est im- 
possible d’observer la scintillation, r^pond done k une sorte dHn- 
d'uction dans le sens photochimique, sans qu’on soit autoris6 pour 
cela d’assimiler ses causes k celles des cas classiques d’induction, celle 
du gaz chlorhydrique par exemple, 

L’induction pent Stre nettement observee surtout quand la radia- 
tion est faible, comme c^est le cas pour certains produits d’iodure 
mercureux insuffisamment dess^h^s, si Ton op^re en creusets m6tal- 
liques, en mortier d’agate, et qu’on agite avec une baguette m4tal- 
lique. B’ailleurs, mfime dans les cas oh il n’y a pas d’induotion, il 
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arrive que I’intensit^ initiale s’accroit pendant un certain temps, plus 
ou moins long, avant d’atteindre son maximum. II est difficile de 
donner des maintenant une explication plausible de cette induction, 
mais on pent soutenir avec certitude son existence. Les objections 
qui rameneraient le phenomene a une accommodation insuffisante 
de Tceil, sont faciles k r^futer, car les 7 minutes ordinairement 
r4serv4es k Taccommodation suffisaient dans la plupart des cas. De 
infeme le fait que, toutes autres conditions d’agitation egales d’ail- 
leurs, rintensit<5 allait souvent en croissant, demontre que Fexcita- 
tion de la substance par agitation fait accroftre son aptitude k la tri- 
boluminescence. 

JS. Origine de la radiation observee. 

Des le debut, il etait absolument evident qu’on etait en presence 
d’un phenomene de luminescence. Or, la temperature de la substance 
ne subissait aucun accroissement au cours de Fagitation, elle n’a 
done pu atteindre nulle part des valeurs telles qu’une radiation 
thermique normale ait pu prendre naissance. 

II ne restait done plus qu’^i etablir la nature de la luminescence. Les 
caracteres observes jusqu’ici permettaient, dfes le d6but, de conclure 
k Fexistence d’une cristalloluminescence ou d’une triboluminescence, 
il est vrai seulement dans le cas oil serait exclu un ph6nomfene tout 
k fait different, savoir la naissance d’une charge statique ^lectrique 
due au frottement d’un corps contre le milieu qui Feiitoure et donnant 
lieu a une d^charge scintillante. Pour qu’il soit possible de designer 
la triboluminescence comme seule vraie cause du phenomene observe, 
nous nous sommes attaches a exclure d’abord Fexistence de la cristallo- 
luminescence et des charges ^lectriques, et apres seulement celle des 
autres especes de radiation. 

1. Exclusion de la cristalloluminescence. La radiation observee n’ap- 
parait jamais spontan^ment, mais est due a une impulsion ext(5rieure 
(frottement par une baguette, broyage des cristaux dans un mortier). 
La formation des menues particules de calomel ou de bromure mer- 
cureux lors de la pr^ipitation k Fobscurite parfaite n’est accompagnee 
d ’aucun rayonnement visible, de meme la cristallisation des halog^- 
nures mercureux dans leurs solutions aqueuses chaudes ne produit 
de luminescence ni lors d’un refroidissement lent ni lors d’un re- 
froidissement brusque, done dans des conditions oh les dimensions 
des cristaux peuvent varier dans des limites considerables. Il n’en va 
pas autrement si Fon imprime des mouvements aux cristaux qui 



374 


viennent de se former ou qu’on les fait heurter contre les parois du 
vase: aucune luminescence n’a lieu. De m^me le passage brusque du 
calomel amorphe ou microcristallin a F^tat macrocristallin, tel qu’on 
le realise par refroidissement k Faide de Fair liquide, donne des r^- 
sultats absolument negatifs. 

Les faits qu’on vient de signaler et Fexp^rience acquise en 6tudiant 
Finfluence exerc6e par le degr6 de division (voir plus bas) permettent 
d’affirmer que dans le cas qui nous occupe, il ne a^dgit pas de crisUdlo- 
luminescence, 

2. Exclusion d'une chmge e'lectrique. Des soins particuliers out ete 
apportes a cette preuve negative. Un essai temoin op^r^, avec un 
creuset en verre vide et une baguette propre, a donne un resultat 
tout a fait negatif. Ce aont done les cornpo868 de mercure qui jouent 
ici un role diScisif. La question de savoir si la presence du verre (mau- 
vais conducteur de Felectricitc et qui acquiert aisement des charges 
<?lectriques par frottement) est neecssaire, a ete decidee par la consta- 
tation que la ,,scintillation‘‘ a lieu ausai en creusets de verre poli on 
de porcelaine, en mortier d’agate, voire ineme en creuset de fer ou de 
platine. II est sans importance si le creuset est parfaitenient isoM au 
point de vue electrique ou qiFil soit mise a la terre. L’intensite 6b- 
servee est la m^me dans tons ces cas. 

La matiere dont est confectionnee la baguette, ne joue pas non plus 
un role important. La scintillation se produit indifferemment en em- 
ployant des baguettes m^talliques (laiton, platine), en porcelaine, en 
bois, en charbon, en ebonite, etc., il est vrai que souvent avec une 
intensity tres faible. De mcme si Fon opere avec un creuset de fer ou 
de platine, Fintensite do la scintillation est assez faible par rapport 
k celle observee avec un creuset en verre, ajoutons qu’avec un creuset 
de fer elle est 8up<5rieuro a celle qu’on trouve dans le cas du platine. 
La cause doit sans doute etre cherch6e dans Firregularit^ (rugosite) 
de la surface, k moins qu’il ne s’agisse d’une influence d’ordre 
chimique (catalytique). Autre observation importante: la charge 
statique 6ventuelle, n6e sur la baguette en verre lors du frottement 
par le linge, ne saurait jouer aucun role, car la scintillation apparatt 
m^me alors que la baguette en est parfaitement privee avant de s’en 
servir (par le contact de la main ou le passage dans une flamme). 
Ni Fisolement ni la mise k la terre des baguettes n’ont t6v616 la 
moindre influence. On a mSme essay^ un melange de chlorure mer* 
cureux et de mercure metallique (dont 100 parties renfermaient plus 
de 50 parties de ce dernier). Mais ce melange, compost en majeure 
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partie de mercure libre, parfait conducteur de Telectricite, pr^sentait 
lui aussi nettement le ph^nomene de la scintillation. 

Ije seul essai a resultat negatif etait celui oh I’on cherchait a pro- 
duire la scintillation sur du chlonire mercureux emprisonne dans un 
creuset m^tallique (de platine), a I’aide d’une baguette metallique (en 
laiton). L’isolement, la grandeur de la pression, le degre de dessic- 
cation et d’autres facteurs ont ete exactement verifies sans que, dans 
aucun cas, on ait pu constater la moindre scintillation. Soulignons 
que dans ces essais le temps d’accommodation de I’adl a ete prolong^ 
jusqu'a 20 minutes. 

Les experiences concluantes, faites pour verifier une charge elec- 
trique eventuelle, ont ete effectors & Taide d’un electrometre a feuilles 
sensible. L’appareil employe avait une capacite de 5 centimetres, une 
armature relive a la terre, un houchon de soufre fondu, une feuille 
d’aluminium. Sa sensibilite ressort du fait qu'un faihle frottement de 
la baguette en verve par un linge sec suffisait pour produire une charge 
correspondant k un ^cart considerable sur Techelle de lelectro metre. 
Les mesures ont (5t^ faites en lumiere rouge tamisee, pour qu'oii put 
observer la feuille et, en meme temps, controler I’intensite de la radia- 
tion; le produit etudie mon trait, a robscurite, une scintillation tres 
intense. Apres I’activation de la substance, lorsque aucune radiation 
n'etait plus perceptible, le bout de la baguette avoc sa c.ouche d’ad- 
hesion de chlorure mercureux a e^te ap})roch(^ de la tige de Feleetro- 
scope. On iFa jamais pu constater d'ecart. Pour nous assurer quo ce 
resultat negatif n’etait })as dxi a la neutralisation de la charge de la 
baguette par celle du corps adherant, le contenu du creuset a etc 
connecte, au moyen d’un fil metallique, avec relectrosco])e. Pas memo 
alors il n’a dte possible de constater aucun ^cart. 

Enfin, une meme experience a eHe elfectuee en eni])loyant un creuset 
de verre avec mise a la terre d’une tige en laiton, et avec un creuset 
de platine qui, isole lui-meme, etait connects avec la feuille de I’electro- 
scope. Oependant, rexperience n’a revele aucune charge. Oe qu’on vient 
de signaler suffit pom* d^montrer que Teffet de radiation observe n'est 
pas d^termin^ par une charge d’electricite statique produite par le 
frottement de deux milieux inegaux. 

Les essais de scintillation faits dans Fair ionis(5, qui empecherait 
certainement la d^charge par ^tincelles, ne sont pas non plus sans 
importance. 

A du chlorure mercureux pur et sec, pr^sentant une ,, scintillation' ‘ 
considerable, nous avons ajoute un excAs de trioxyde d’uranium ren- 
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fermant du radium. La proportion du premier 4tait de 0-2 ^ pour 
0*55 gr du dernier. Apres un court sejour au dessiccateur on a proc6d6 
aux mesures. La scintillation persiste surtout aux endroits oil le 
chlorure mercureux se trouve seul, tandis qu’elle n’apparait pas dans 
le melange. Cela n’est ^videmment pas du a Tionisation de Fair, 
laquelle est sans doute considerable k rinterieur du creuset, mais 
d’un corps etranger. 

Une ionisation encore plus y)arfaite a ete provoqu^e au moyen de 
produits tres concentres de chlorure de radium (jusqu’a 300 mgr) 
emprisonnes dans un verre de 0*5 mm environ d'epaisseur, de sorte 
que c’etait principalement les rayons y qui entraient en ligne de 
compte. Nous avons pu constater que la scintillation des sels mercu- 
reux a lieu meme lorsque ces sources de radiations energiques se 
trouvent k leur voisinage immediat. Ajoutons que ces essais etaient 
f&cheusement genes par la propre radiation du radium, forte celle-ci, 
et la fluorescence des sels mercureux. De meme les produits irradi^s 
par les rayons ultraviolets d’une lampe de quartz, subissent Texci- 
tation par le frottement et ^mettent des radiations. 

Toutefois, la preuve definitive a ete fournie seulement lorsque nous 
avons reussi k produire la scintillation A Vexcluaion de tout milieu 
itrwn^er a constante dieiectrique differente. Par sublimation rapide 
du chlorure mercureux pur il nous a ete possible de i)reparer des 
morceaux compacts et solides de ce sel, epousant la forme du tube 
de sublimation et presentant une surface lisse. Si Ton frotte Tun 
centre Tautre deux produits pareils, il y a positivement tribolumi- 
nescence. Faisons remarquer que les conditions de preparation des 
deux morceaux de substance etaient absolument identiques, de sorte 
que les deux produits lie pouvaientdifferer Tun deTautre ni au point de 
vue physique ni au point de vue chimique. Le seul cote faible de ces 
experiences etait peut-etre la violence de la sublimation (k une tempe- 
rature depassant 300®). Dans ces conditions, en effet, le calomel subit 
dejii un dedoublement partiel avec formation de petites quantites de 
mercure, suitout lorsqu'on op^re k la lumiere. Mais les objections 
qu’on pourrait formuler k ce sujet, ont ete detruites par une experience 
ulterieure que voici: 

Deux tubes capillaires k parois epaisses, recourbes de 180® au 
milieu et par lesquels on faisait circuler de I’eau froide, ont ete recon- 
verts, par sublimation la meme temperature 200®, d’une fine couohe 
de chlorure mercureux. La volatilisation de ce dernier a ete operee, avec 
precaution, au moyen d’un bain d’huile dans lequel plongeait le vase 
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renfermant le produit pur et sec. La sublimation ne se faisait que 
tres lentement et ce n’est qu’au bout de quelques jours que le d6p6t 
presentait T^paisseur suffisante. Lorsque les deux couches de fins 
cristaux ainsi obtenues furent legereraent frott^es Tune contre Tautre, 
line scintillation nette se produisit. 

L’ensemble de ces essais d^montre que le pMnomene en question nest 
nullement causi par um ddcharge electrique d Mncelles. 

3. Exclmion de la phosphorescence. Pour decider si la scintillation 
n’est pas tout simplement une phosphorescence de courte diiree, les 
produits fortement eclair^s ont ete observes visueUement, a I’obscU’ 
rit^, immediatement apres T^cartement de la source lumineuse. 11 n’y 
a jamais eu de phosphorescence, que Teclairage primaire fut constitue 
par la lumiere solaire, les rayons ultraviolets ou en fin le rayonne^ 
ment y, II n’a pas non plus possible de deceler la phosphorescence 
par voie photographique. Dans ces essais, le temps de pose etait de 
48 heures et I’excitation a ^te plusieurs fois repetee. 

Par ces moyens, simples en vmte, nous avons d^montre que le 
qyMnom^ne observe n'a rien a faire a la phosphorescence. 

4. Rapport de la scintillation a la fluorescence en lumiere ultraviolette, 
Les travaux initiaux de Lehmann, mis au point, plus tard, par Wolf, 2) 
portent principalement sur la fluorescence du chlorure et du bromure 
mercureux. Wiedemann^) rnentionne, il est vrai, d’autres composes, 
mais opere uniquement dans le domaine des longueurs d'onde de la 
lumiere visible. Suivant les observations de Wolf les halogenures 
mercuriques presentent, eux aussi, une faible fluorescence, mais seule- 
ment dans le cas d’xine souillure par de faibles quantites de sels 
mercureux. fitant donne que la scintillation en question apparait, elle 
aussi, avant tout avec les sels mercureux, alors qu’elle est beaucoup 
plus faible pour les sels mercuriques, on peut supposer que la ,, scin- 
tillation “ du chlorure et du bromure mercuriques est due k de faibles 
traces de mercure monovalent. 

Une comparaison rapide a foumi des resultats concordants et tout 
a fait int^ressants. Le sublim^ corrosif absolument pur (Merck pro 
analysi), soigneusement priv6 d’eau au dessiccateur et ne presentant 
qu’une scintillation insignifiante, montrait, en lumiere ultraviolette, 
une fluorescence jaune extrfimement faible. De m6me le bromure 
mercureux pr6par6 avec soin en creuset de verre et avec qui la scintil- 
lation se montrait non pas au sein de la substance elle-meme mais 
seulement au rebord du creuset, a moiitr^, en lumiere ultraviolette, 
une fluorescence orange tr^ intense, ici encore au rebord du creuset 
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et ail r^sidu du verre de montre, alors qiie Tinterieur restait obscur. 
Un bromure mercurique de preparation ancienne, pr^sentant une 
scintillation intense, produisait une fluorescence aussi forte que le 
bromure mercureux pur. II ressortait de ces essais pr^liminaires que 
dans le cas oil Ton reussirait k preparer le sublim^ corrosif a T^tat 
de puret6 complete, c’est-a-dire sans aucune trace de calomel, un tel 
produit ne presenterait ni scintillation ni fluorescence. Nous avons 
tache de resoudre ce probleme difficile par deux voies diff^rentes dont 
Tune seulement nous a donn^ un r4sultat confirmatif, tandis que I’autre 
voie n’a pu etre utilisee pour des circonstances impr^wues. 



Avant tout, nous avons eft’ectue la synthese du sublime corrosif 
a partir du chlore parfaitement pur (prepare par les methodes employees 
dans les determinations d6s poids atomiques) et du mercure redistilie, 
pur et sec. Le disjiositif employe ressort de la figure ci-dessus. Le 
chlore a ete prepare en employant Tarrangement original d^crit par 
J. Kfepelka*) propos de la synthese du chlorure d’aluminium 
servant k etablir le poids atomique de raluminium. Le chlore d^gag6 
a 6t6 amene (avec emploi exclusif de tubes en verre et de rodages 
a Temeri) dans un tube en verre dur oil Ton avait ])lace une nacelle 
de porcelaine renfermant du mercure sec. Le tube en question portait 
une allonge en verre terminee par une fermoture k acide sulfurique. 
Avant d’etre mis en marche, tout Tappareil a ^.te soigneusement 
nettoy^, sixjhe et assure centre la rentr^e de I’air exterieur. La syn- 
these a 6t6 oper6e avec beaucoup de lenteur, k la temperature du 
laboratoire (20 — 22®), k J’obscurite complete. Le produit forme a ete 
transfere, rapidement et au sein d’une atmosphere inerte et seche, dans 
un creuset de platine, puis examine dans un dessiccateur k vide. II 
montrait une scintillation nette et une forte fluorescence jaune. D’aprte 
notre experience il etait done considerablement souilie de calomel. 
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Pour controler ce r^sultat, une analyse du produit a ete faite et qui 
n’y r^v^la que 68*87%, le reste ^tait constitue par du chlorure mercu- 
reux et du mercure finement divise. Ve resultat, bien qu’il ne donne 
pas de r^ponse affirmative a la question posee plus haut, n’est toute- 
fois pas sans importance. 11 montre, en effet, que Ja preparation du 
chl(yrure mercurique pur a partir de ses elements ne se laisse realise;)' 
pas meme alors qu'on op^.re a basse temperature, d Vexdusion de la 
lumiere et en milieu pa^rfaitement sec. 

Dans le deuxieme essai, nous avons recristallise avec beaucoup de 
soil! le sublime corrosif Merck (pro analysi) pour le debarrasser des 
traces de calomel. En suivant les indications de Wolf nous avons 
cherch^ a ^liminer, dans Ja recristallisation, Tinfluence 1® de la tempe- 
rature (le chlorure mercurique sec commence, en effet, a sublimer des 
80® avec dodoublement partiel en chlorure mercureux), 2® de la lumiere 
(les solutions de chlorure mercurique sont instablos) et, enfin, 3® de 
Talcalinit^ du verre, Dans une ca])sule de quartz, soigneusement net- 
toyee, on a propar<^^ a la lumiere inactinique, une solution saturee 
a 40®. (^elle-ci a etc passce. par un filtrc en ymrcelaine, dans une capsule 
en platine plac(^e sous une cloche de verre dans laquelJe on avait fait 
le vide. Le tiltrat a etc maintenu a — 4® pendant 24 heures. 

Le chlorure mercurique pur, qui s'etaii separe en belles aiguilles 
blanches, longues de plusieurs centimHres, a e4e sech€\ en capsule de 
})latine, la temperature ordinaire et k I’abri de la lumiere, sous la 
cloche d’un dessiccateur, dans le vide phosphoriqiie. AprcvS une des- 
sicoation prolong(^e k ])lus de 10 jours, le produit, seche finalement 
en creuset de platine, a ete examine. l-«’agitation avec une baguette 
en verre n'a provoque aucuiie radiation, pas meme apres un temps assez 
prolonge. En lumiere ultraviolette, il n'a pas montre de fluorescence 
jaune qui aurait r^vele la moindre trace de compose mercureux. 

La conservation ulterieure du produit en creuset de porcelaine n'a 
I)as change la stability du produit. 

Toutefois, lorsque la substance a ete exi) 08 e a Faction prolongee 
d'une lumiere intense (48 heures, lampe incandescence de 200 Watt 
a 30 centimetres de distance), on a pu constater une faible scintil- 
lation, visible aux rebords du creuset, sans qxx il fut possible d’ob- 
server la fluorescence jaune caract^ristique du chlorure mercureux. 
Un changement essentiel s’est produit lorsque le produit a ete seche, 
pendant 24 heures, k 100®. II pr^sentait alors une scintillation nette 
et une forte fluorescence jaune, surtout aux bords du creuset et sur 
le verre de montre. 
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Voici ce qui ressort des experiences ci-dessus: 

a ) Lea produits de mibUmi corroaif et de bromure mercurique dont la 
pur etc ripcmd d la pharmacopie et qui aont ddaigrda comme ^^puriaaimum 
pro analyai'\ renferment toujoura une proportion de ael mercureux tr^ 
faiblCy introuvable par I'analyae chimique, 

b ) Cea traces dHm'paretea ne ae laiaaent ^carter que difficilement, Elies 
prennent naiaaance loraque lea produita pura aont aoumia ct Vaction de 
ValcalinM du verre on d celle de la chaleur. 

c) La acintillation obaerv^e dea dMves haloginia du mercure eat ap6- 
cifique dea aeula aela mercureux. Son. apparition chez lea autrea compoads 
de mercure eat r^.gulierement due d une faible teneur en compoai mer- 
cureux. 

d) La acintillation conatitue une jn^euve plua aenaible de la presence 
de cea produits de ddcom position des halogdnurea mercuriquea que la 
fluorescence en lumiere ultraviolette. 

e) Tandiaque la atabilM dea composes mercureux ddcroU dans la airie 
chlorure, bromure, iodure, celle dea sets mercuriquea a'accroU dans le 
meme ordre, ce qui comporte la diminution, progresawe de leur tendance 
d engendrer dea compoads mercureux sous Vaction des facteura physiques 
et chimiques signalda ci-desaua. 

Aux temperatures elevees (vers 120^) la fluorescence disparait et 
cela presque simultanement pour tous les corps observes. Le fait pre- 
sente certainement de Tinteret, car il temoigne d’une connexion etroite 
existant entre la triboluminescence et la fluorescence. 

5. Exclusion de la chimiluminescence, de la lyoluminescence et de 
Vinfluence exercde par le mode de prdpiraHon de la substance obaervde. 

fitant donne la sensibilite du phenomene vis-a-vis des facteurs 
exterieurs (voir plus bas) on ne pouvait pas exclure la possibilite 
que son origine fut purement chimique. Malgre que dans la prepara- 
tion des produits etudies on soit parti de matiferes premieres aussi 
pures que possible, et que toutes les operations aient ete faites dans 
des vases soigneusement debarrasses de toute impurete, on ne pouvait 
avoir aucune garantie de Fabsence de reactions extremement lentes, 
il est vrai, mais accompagnees de luminescence. Pour cette raison, 
nous avons etudie d’abord Finfluence du mode de preparation du 
calomel sur Fintensite de la scintillation. Outre le precede de precipi- 
tation dej& decrit nous preparions ce sel aussi par sublimation d’un 
melange de chlorure mercurique et de mercure metallique en tubes 
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de verre dur scelMs. L’exces de chlorure mercurique a ete elimin4 par 
une extraction k Teau, Texces de mercure, par de I’acide azotique 
dilu^. Toutefois, le r^sultat obtenu etait le meme quo pour le produit 
pr6par6 par precipitation, en tenant compte, bien entendii, de la 
difference de leur forme cristalline. II en est de meme pour le chlorure 
mercureux synthetise a partir du chlore et du mercure, meme alors 
que Texces de chlorure mercurique (forme simultanement) a ete eii- 
mine. La meme remarque s’applique an bromure (prepare soit par 
precipitation, soit par sublimation), et Tiodure. Toutes les formes 
de ce dernier, depuis la jaune jusqu'a la vert; fonce, se comportent de 
la meme maniere, de meme un produit obtenu en triturant I’iode avec 
du mercure humecte d’alcool, presentait une ,, scintillation ‘‘ tout a fait 
normale. 

La variation du mode de preparation des sels mercuriques n'a pas 
non plus produit de variations de leurs proprietes. 

Aucune difference ne j)eut etre constate si Ton opere avec des pro- 
duits ayant retenu un faible exces d'ion chlore. Des calomels dont 
les filtrats de lavage ne renfermaient pas meme les traces d'ion (.7' 
decelables au nephelometre, montraient la mtune scintillation (jue les 
produits renfermant, par exemple, une faible proportion de chlorure 
(le sodium (O-OOGOOS gr de NaCl pour 4 gr de calomel). L’eliraination 
ulterieure de I’ion chlore n’y a rien change. 

11 parait done que de faibles concentrations en ion chlore n’influent 
pas sur la scintillation. Signalons a co propos encore les essais relatifs 
a la lyoluminescence du calomel. L’action des divers solvants n’a pu 
(Hre etudi^e, Teau regale etant le seul qui le dissolve dans une mesure 
un peu considc^rable, Toutefois, dans ce processus, qui evidemment ne 
constitue pas une dissolution dans le sens de la physique, aucune 
scintillation n’a pu etre observee. La preparation du chlorure mer- 
cureux par voie humide n’est pas non plus accompagnee d\ine emission 
de rayonnements visibles. 

On peut deduire des experiences decrites ci-dessus que la scintilla- 
tion des halog^nures mercureux n’est produite par aucune reaction 
secondaire s’accomplissant au sein de la substance elle-meme, par con- 
sequent ne saurait itre consider comme une chimiluminescence, 

6 . Exclusion de la thermoluminescence. La pression specifique assez 
forte qui se produit lore du frottement des particules, determine un 
rechauffement local de la substance. Pour parer a I’objection que la 
cause du ph6nom6ne pourrait 6tre ramenee k la thermoluminescence, 
des essais sp^ciaux ont 6t4 faits dans lesquels le chlorure mercureux 
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sec a 6t6, soit fortement chauffe, soit fortement refroidi. Une fine 
plaquette en porcelaine, portae au rouge, a 6t6 observ6e a robscurit^ 
jusqu’a cessation de rayonnement visible; puis on y a vers6 une 
petite quantite de chlorure mercureux. Dans d’autres essais, on a 
op^T^ k des temperatures plus eievees, pendant que la plaquette 
emettait encore une faible radiation rouge. Dans aucun de ces essais 
il n’a ete possible de constater une scintillation qui pfit rappeler les 
phenomenes habituels de thermoluminescence (radiation emise par le 
fluorure de calcium fortement chauffe). Un refroidissement energique 
au moyen de Fair liquide n'a pas eu d’effet non plus. 11 est done evident 
quHl ne s^ngit pas d’une thermoluminescence. 

Le fait que, en dehors du frottement (sans elevation sensible de la 
temperature), aucun des facteurs etudies ne provoquait la scintillation, 
amfene k la conclusion logique que la radiation imise par les halog^nures 
mercureux (et les halogenures mercuriques souilUs d'^eux) nest autre 
chose qu'une tribolurninescence. 
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ARGENTOMETRIC ESTIMATION OF IODIDES USING CINCHONINE- 
BISMUTH NITRATE AS INDICATOR 

by R. UZEL. 

For a visual argentometric titration of an iodide even in presence 
of the other halides several indicators have been recommended; thus 
for the titration of iodides in presence of chlorides different derivatives 
of fluoresceine by Fajans and Wolff,^) of iodides in presence of 
bromides and chlorides starch iodine in a solution containing ammo- 
nium carbonate by Kolthoff.*) The use of Fajans’ indicators 
depends first of all on the adsorption relations of the silver halide in 
question and is rendered much more difficult in presence of morevalent 
cations: starch iodide cannot be used as indicator in presence of 
cyanides and of substances reducing iodine to iodide. Otherwise oxidi- 
metric and especially potentiometric methods are used for titrating 
iodides, studied in this country by Tomfcek®) in a series of investi- 
gations. 

The present author applied a specific reaction which the iodide 
ions give in an acid medium with cinchonine and bismuth nitrate. 
In presence of these reagents and an iodide a red-orange coloured 
precipitate is formed having the composition Cx^^N20 . This 

reaction reversed was applied already as a test for bismuth by Leger^) 
and microchemieally by Feigl and Neuber.^) 

The titration is made as follows: a part of the iodides in sohition 
is converted by means of the indicator, which is a conveniently chosen 
mixture of cinchonine nitrate and bismuth nitrate, into the mentioned 
intensely red-orange coloured compound, and then titrated with a. 
solution of silver nitrate. First the free iodide Agl is precipitated, 
whereafter a reaction takes place which can be formulated thus: 
Ci . HBiI^+ 4 4 Agl + Ci+ H*+ Br\ (Ci molecule of cin- 

chonine). 

As soon as all iodine is bound as Agl, the red colour of the compound 
disappears, only the light yellow silver iodide remaining suspended 
in the titration liquid. At the end of the titration the red compound 
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is adsorbed by the precipitated silver iodide imparting to it a red- 
yellow colour; as soon as the equivalence point is reached, one single 
drop of a 0*1 -w AgNO^ solution suffices to change the colour of the 
precipitate into light yellow. This colour change, distinct also in 
artificial light, is especially conspicuous, when a comparison is made 
with the colour of a simultaneously prepared suspension of silver iodide. 

Experimental part. 

O'l-n solutions of silver nitrate and potassium iodide were prepared 
by dissolving 16*989 grs of the former and 16*603 gra of the latter 
(both Merck's samples pro analysi) and diluting to 1000 ccs. The titre 
of the potassium iodide solution was ascertained potentiometrically 
using Poggendorlf’s compensation method. 10*000 cca of this solution 
corresponded to 10*05 cca of the silver nitrate solution (mean of 
three observations). 

As indicator a solution of the nitrates of cinchonine and bismuth 
in equivalent proportions was used. Preparation: 2*33 grs of bismuth 
sesquioxide were dissolved in 10 ccs of hot nitric acid {d-- 1*4); in 
this solution somewhat diluted with water 2*94 gra of cinchonine were 
dissolved. After dilution to 100 cca 0* 1 gr of urea was added in order to 
decompose the eventually present nitrous acid. The colourless solution is 
absolutely stable. For a titration usually 0*5 — 1*0 cc (10 — 20 drops) of 
the indicator was used (if the amount is not expressly stated). 

Sensitivity of the reaction: 0*1 'ingr of iodine as iodide reacts di- 
stinctly with two drops of the indicator in 1 cc of water. — The sensiti- 
vity can be increased about five times when benzoylcinchonine is 
used instead of cinchonine.^) This compound was prepared according 
to Schiitzenberger.'^) For the usual apiounts of iodides (0*005 to 
0*5 gr), however, the indicator with cinchonine suffices. 

The sensitivity of the reaction depends further on the acidity of 
the reaction solution. As was ascertained by a series of experiments 
the reaction is most sensitive at a pH equal to about 2*4. However, 
a somewhat higher acidity of the titrated solutions (pH equal to 
about 1*6) is preferable, because the transition of colour is then 
sharper. As indicator of the right hydrogen ion concentration a 0*2% 
alcoholic solution of 2-6-dinitrophenol may be conveniently used, 
of whicih a few drops are added to the titrated liquid acidified with 
nitric acid until as the yellow colour of the solution just disappears. 
Then the cinchonine-bismuth indicator is added and the solution 
titrated with silver nitrate. 
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I. Estimation of iodides. 

To a solution (10 — 50 ccs) of iodide, the concentration of which 
is at least 0‘005-normal, 3 — 5 drops of 2-n nitric acid and 0*5 to 
10 cc of the cinchonine-bismuth indicator are added, whereby a co- 
pious red-orange coloured precipitate is formed. The solution is then 
titrated under motion with 0‘1-w AgNO^, until the precipitate, which 
shows just before the end of the titration a distinctly reddish hue, 
becomes purely yellow. 1 cc of the 0*1 -w AgNO.j^ solution corresponds 
here to 0*012693 gr of iodine. 

Table I gives a summary of results for different amounts of iodide. 
As a correct value we use that ascertained by the potentiometric 
titration (10*0 ccs of the solution of V correspond to 10*05 ccs of the 
solution of Ag'). 

Table J. 


No,; 

C<)8 of 
01-n K1 
taken : 

CC8 of 

0*1 -n AgriVOa 
spent: 

Difference 
in cc of 
0*1 -n AgNO^ 

Volume 
of the liquid 
in ccs:*) 

1 

0*50 

0*50 

0*0 

10 

2 

1*00 

0*98 

— 0*03 

10 

3 

2*00 

1*99 

--0*02 

15 

4 

3*00 

3*00 

— 0*02 

15 

5 

4*00 

3*97 

— 0*05 

15 

6 

5* 00 

5*00 

— 0*03 

15 

7 

600 

5*98 

— 0*05 

20 

8 

8*00 

7*98 

— 0*06 

20 

9 

10* 00 

10*00 

— 0*05 

30 

10 

15*00 

15*00 

— 0*08 

30 

11 

20*00 

20*10 

0*0 

30 

12 

25*00 

25*20 

4- 0*07 

40 

13 

30*00 

30*20 

f 0*05 

50 

14 

50*00 

50*40 

-f 0 *15 

50 

As is seen, 

the results 

are satisfactory, 

mostly by 

some hundreth 


of a cc lower than the values corresponding to the potentiometric 
estimation. The mean titration error is here — 0*5%. This can be 
easily explained by the solubility of the cinchonine-bismuth iodide 
in the reaction medium. 


♦) At the beginning of the titration. 

27 * 
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Small amounts of iodide ( 0 * 5 — 10 mgs) can be titrated conveniently 
with a 0*01 -n solution of silver nitrate. The volume of the liquid must 
be, however, comparatively smaller. Only 3 — 5 drops of the indicator 
are added in this instance; no acid is added, because the acidity of the 
indicator is sufficient. The results are summarized in Table II. 



Ccsoi 

Table II. 

Cca of 

Difference 

Volume 

No.: 

0 01-n KI 

0*01 -n AgNO^ 

in CM of 

of the liquid 


taken: 

spent: 

0 01-n 

in ccai 

1 

0*50 

0*43 

— 0-07 

2 

2 

1*00 

0*90 

— 015 

2 

3 

2*00 

1*87 

— 015 

5 

4 

3*00 

2*83 

— 019 

5 

5 

5*00 

4-75 

— 0-28 

10 

6 

10*00 

9*80 

— 0-25 

10 


The differences are here — in view of the solubility of the Ci . HBil^ 
— of course, larger than in titrations with a decinormal solution 
( — 0 * 07 , to — 0*28 cc of the 0*01-w AgNO^), 

The titration of iodides by this method is advantageous, especially 
in presence of a larger amount of such cations and anions which do 
not disturb the titration, as far as they are not precipitated by the 
iodide in acid solution or do not oxidize it. If the mentioned conditions 
for the titration are maintained, the following cations do not cause 
trouble, as was ascertained experimentaly: Cd*\ Sb”\ Sn\ Sri””; 
Ar\ Mn\ Ni \ Co* (the last two if they are not present in a con- 
centration so high that the observation of the colour transition at 
the equivalence point would be impossible), Zn', Ba*, Sr”, Ca*, Mg*\ 
K*, Na, Li*, NH^*. — Presence of the following anions is admissible: 
SO4", SO3", S4O3" (advantageous in estimating iodine after reduction 
with thiosulphate), F\ PO^ \ AsO^'^ A^^^\ NO^\ ClO^\ 

CH^COO\ {COO)2* presence of a larger amount of phosphate or 

arsenate, which precipitate bismuth from the solution of the indicator, 
it is necessary to add so much cinchonine-bismuth nitrate, that the 
red orange colour of the precipitate does not disappear. — If some of 
the iodide in solution has been oxidized, it is best reduced before 
the titration by adding a small amount (0*1 gr) of NaHSO^. 

The influence of anions, which are precipitated even in acid solution 
by the silver ion, on the titration of iodides (the so called anions of the 
second analyt. class) is described in the following sections. 
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II. Estimation of iodides in presence of chlorides. 

Chlorides are not precipitated with cinchonine-bismuth nitrate from 
an acidified solution; for this reason iodides can be titrated in presence 
of chlorides without difficulty, if only the equivalent concentration of 
chlorides is not more than about twenty times as large as that of the 
iodides. If it is larger (above 1-n), the precipitate of cinchonine-bismuth 
iodide dissolves distinctly in the liquid, probably because chlorocom- 
plexes of tervalent bismuth are formed. The results are then lower for 
iodine. — For lower concentrations of chlorides the results are satis- 
factory, as is shown in Table III: 


Table III. 


o.; 

Cc8 of 

O l-n KI 
taken: 

Amount 
of cliloride: 

Oc^ of 

O'l-w AgNO^ 
spent : 

Differenf*(‘ 
in CCS of 
O-l-n AgNO^: 

Volume 

in 

1 

100 

1 cm^ \-n KCl 

1*00 

0*0 

20 

2 

100 

2 cm® 1-71 KCl 

100 

0*0 

20 

3 

1*00 

5 cm® 1-n KCl 

0*96 

— 0*04 

20 

4 

500 

0*75 g KCl 

4'87 

— 0*16 

20 

5 

500 

1-50 g KCl 

4*60 

0*43 

20 

6 

10*00 

1*17 g NaCl 

9*80 

— 0*25 

30 

7 

2000 

M7 g NaCl 

19*90 

— 0*20 

30 

8 

20*00 

M7 g NaCl 

19*90 

— 0*60 

30 


+ 1-50 g KCl 

The procedure followed in presence of a large amount of chlorides 
is treated in section IV. 

HI. Estimation of iodides in presence of bromides. 

Bromides form with a solution of cinchonine-bismuth nitrate a white 
precipitate with a yellowish tinge (of about the same colour as that of 
silver bromide). In presence of a very small quantity of iodide the pre- 
cipitate is orange coloured. If after addition of the indicator solutions 
with the proportion I': Br' larger than about 1: 4 are titrated with 
silver nitrate, the transition for the iodide titration is not sharp, and 
the end is found after addition of more silver nitrate than would cor- 
respond to the actual concentration of the iodide. 

In order that the titration may be correct even in presence of a larger 
amount of bromide, it is necessary to suppress its dissociation in the 
solution. Because also here — as in the presence of chlorides — the total 
concentration of the bromide itself is more important than the ratio of 
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concentrations of iodide and bromide, it is irrelevant, if the dis- 
sociation of iodide is lowered at the same time. 

From the numerous modes tried the best one is to titrate in presence 
of some organic liquid soluble in water; of these the most preferable is 
iaopropi/lalcohol (dimethylcarbinol) which suppresses considerably the 
dissociation of halides and does not increase the solubility of the cincho- 
nine-bismuth iodide, lowering it on the contrary (in contradistinction 
to lower alcohols and acetone). 

The suppression of dissociation was deduced from the lowering of 
conductivity of and ^/lOO -n solutions of KBr and KI respectively 
in comparison with aqueous solutions of the same concentration. It 
was found that the conductivity of solutions of the mentioned salts 
in a solution containing 50 volume percent isopropylalcohol is very 
nearly , in a solution with 90 volume i>ercent isopropylalcohol 
of the conductivity of the aqueous solutions of the same concentration. 
The measurements were made by means of a conductometer with 
optical indication according to Sandera.*) 

The solubility of cinchonine-bismuth iodide in water and in aq ueous 
solutions of isopropylalcohol cannot be measured exactly, because the 
compound in a neutral medium, where its dissociation is not low- 
ered by an excess of its components (cinchonine, Br\ H\ /'), is hydro- 
lyzed and splits off more iodide as corresponds to its solubility product. 
Therefore at least the ratio of concentrations of iodide ions was deter- 
mined, which are split off from Ci-HBil^ in water and in a solution 
containing 25 and 50% of isopropylalcohol. 

The measurement was made nephelometrically by estimating the 
turbidity caused by silver iodide in filtrates from cinchonine-bismuth 
iodide suspensions in water and alcohol of the mentioned concentration. 
The concentrations of iodide split off after the cinchonine-bismuth iodide 
had been in contact for several hours with water and 25% and 50% 
solutions of isopropylalcohol were very nearly in the ratio 2:1'5:1, 

The found solubility of potassium iodide in isopropylalcohol, in 
comparison to which the solubilities of potassium bromide and chlo- 
ride are very small, can be utilized perhaps later on in an extraction 
method for estimating small amounts of iodide (100 grs of saturated 
solutions of these salts contain at 20® C: 1-410 grs KI, 0-062 grs KBr, 
0-037 grs KCl), 

The titration of iodides in presence of larger amounts of bromides 
presents no difficulties, if to the solution so much isopropylalcohol is 
added that its content in the liquid amounts to about 60%. Then the 
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solution is acidified with 2-n HNO^ and cinchonine-bismuth indicator 
is added; the solution is then titrated with 0-l-» AgNO^ as u8ual.lt is 
advantageous to prepare a solution for comparison (a suspension of 
silver iodide in a 50% solution of isopropylalcohol). — Thus it is 
possible to estimate iodides in presence of bromides, when the ratio 
of equivalents is I': Br'= 1: 20. — The results are given in Table IV. 


Table IV. 


No.: 

Ccs of 
01-n Kl 
taken: 

Amount 
of KBr i 

Ccs of 

0*1 -n AgNO:i 
spent: 

Difference 
in CCS of 
AgNO^i 

Volume of 
the orig. 
litluid in ccs 

1 

100 

2 0*1 

1*00 

— 0*05 

20 

2 

100 

3 cw? 0*1 -n 

0*98 

— 0*02 

20 

3 

100 

5 0*l-r< 

0*95 

— 0*05 

20 

4 

100 

1 cm^ l O-n 

1*03 

f 0*03 

20 

5 

1*00 

2 cm® l*0-7i 

0*98 

— 0*02 

20 

(> 

frOO 

1*5 cm® l*0-n 

4*96 

--016 

30 

7 

5-00 

2*5 cm® l*0-w 

5*10 

+ 0*07 

30 

8 

500 

3*5 cm® l*0-r« 

4*95 

-0*17 

30 

9 

500 

5*0 crn^ l*0-n 

5*00 

- 0*03 

30 

10 

500 

10*0 cm,® 1*0-// 

4*60 

--- 0*43 

30 

11 

10*00 

2*5 cm® 1*0‘// 

9*95 

— 0*10 

40 

12 

10*00 

5*0 cm® l*0-w 

10*10 

4- 0*05 

40 

13 

10*00 

10 cm® I’O-w 

10*15 

f 0*10 

40 

14 

10*00 

0*2 g NaBr 

10*00 

— 0*05 

40 

15 

10*00 

2*4 g KBr 

9*95 

— 0*10 

40 

16 

15*00 

3*6 g KBr 

15*05 

- 0*03 

50 

17 

20*00 

4*8 g KBr 

19*50 

— 0*60 

50 


When we estimate iodide, it is possible to determine in the same 
solution also bromide either by titration according to Mohr or accord- 
ing to Volhard. In the first instance the liquid in which the iodide 
was titrated is neutralized with alkalihydroxyde (using phenolphtha- 
lein as indicator to colourless tone) and after addition of 1 cc of a 5% 
solution of KfirOt titrated with silver nitrate; in the second case, 
after titration of the iodide, an excess of AgNO^ is added, then 1 cc 
of a 40% solution of ferriammonium sulphate and the solution is 
titrated back with 0'1-n NHjONS. 

Examples: I. Taken: 6'00 cc« of 0'l-» KI -f- 10 00 ccs of 0-1-n KBr. 
Added 16 ccs of isopropylalcohol, acidified with 2-n HNO^ and after 
addition of the cinchonine-bismuth indicator titrated with 0'1-n 
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AgNO^, Spent for 5*00 ccs. Spent for Br' when titrating according 
to Mohr: 10*05 ccs. 

2. Taken: 5*00 ccs of 0*l-w KI + 10*00 ccs of 01-n KBr, Spent 
for I': 5*00 ccs of 0*l-yi AgNO^y after titration added 15*00 ccs of 
AgNO^ and titrated with 0*1 NH^CNS, Spent: 4*99 ccSy thus spent 
for JSr': 10*01 ccs of AgNO^. 

IV. Estimation of iodides in presence of bromides and 

chlorides. 

Iodides can be estimated in ])resence of bromides and chlorides 
under the same conditions as in presence of bromides alone. The 
determination is sufficiently accurate when the total concentration 
of both halides (CV + Br') does not exceed about twenty times the 
equivalent concentration of the present iodides. Isopropylalcohol 
which is so prominently useful in the titration of iodides in presence 
of bromides has no apparent effect on the ion Cl\ This can be ex- 
plained by a different behaviour of the ions CV and JSr' towards the 
cinchonine-bismuth reagent, as already mentioned. 

The results given in the table were obtained under the same condition 
as in titrating iodides in presence of bromides. 


Table V. 


No.: 

Ccs of 

O l-n K1 
taken: 

Amoimt 
of bromidev. r 

Amount 
of chloride: 

Ccs of 

1-n AgNOi 
spent: 

Differonco 
in ccs: 

Volume 
in CCS: 

1 

1*00 

1 cm? 0* 1 'U 

] cm? 1-n 

0*95 

— 0*05 

20 

2 

1*00 

2 cm? 01-/1 

1 cm? \-n 

0*94 

-0*06 

20 

3 

1*00 

0*5 cm? 1-n 

1 cm? l-r(t 

0*98 

— 0*02 

20 

4 

1*00 

1 cm? 1-w 

1 cm? \-n 

. 1*02 

+ 0*02 

20 

5 

1*00 

1 cm? 1-n 

2 cm? l-n 

0*94 

— 006 

20 

6 

5*00 

0*5 cm? \-n 

5 cm* 1 -n 

4*90 

— 0*13 

40 

7 

5*00 

1 cm? 1-w 

5 cm? \-n 

4*80 

— 0*23 

40 

8 

5*00 

2*5 cm? 1-/1 

5 cm* l-n 

4*83 

— 0-20 

40 

9 

5*00 

5 cm? 1-/1 

5 cm* \-n 

4*95 

— 0*08 

40 

10 

5*00 

5 cm? 1-/1 

10 cm* l-n 

5*05 

+ 002 

40 

11 

10*00 

012^ii:j?r 

0*75 g KCl 

9*85 

— 0*20 

40 

12 

10*00 

0*24 g KBrs 

0*75 g KCl 

9*85 

— 0*20 

40 

13 

10*00 

0*60 g KBr 

0*75 g KCl 

9*88 

— 0*17 

40 

14 

10*00 

1*20 g KBr 

0*75 g KCl 

9*93 

— 0*12 

40 

15 

20*00 

0*24 g KBr 

1*50 g KCl 

19*35 

-0*76 

60 

16 

20*00 

0*48 g KBr 

1*50 g KCl 

19*55 

— 0*66 

60 
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It is seen that the results are lower, especially at higher concentra- 
tions of the chlorides. If their concentration is too high, it is possible 
to proceed in a way proposed recently by S5igoP) for the separation 
of chlorides from bromides and iodides: from a weakly ammoniacal 
solution of the halides only iodide and bromide are precipitated by the 
silver ion. These can be then filtered off and decomposed with zinc in 
an acid medium, whereafter the ions /' gone into solution are titrated. 

Examples: 1. Taken: 5*00 CC8 of 0*l-/i KI i 10*0 CC8 of 0 * 1-71 KHr 
and 10*0 gra of NaCl; the solution was diluted to 100 ccs and 10 ccs 
of a 10% ammonia solution and 10 ccs of 0*1-/^ AgNO^ added. After 
sedimentation (for six hours in the dark) the precipitate was filtered 
through a Jena glass filter (3 O 4), washed with water, and treated 
with zinc powder and 1-n H^SO^ for about half an hour. To the filtrate 
(20 ccs) were added a few cgra of NaHSO^y 15 ccs of isopropylalcohol, 
the cinchonine-bismuth indicator, and the solution was titrated with 
{yl-n AgNO^. Spent: 5*03 cca (difference: 0 0 cr). 

2. Taken: 5*00 cc« of 0*l-n AZ-f 10 0 era of O l-n KBr+ 10*0 gra 
of KCL Procedure the same. Spent: 5*10 cc-a of O l-w AgNO^ (differ- 
ence: 4-0*07 cc). 

V. Estimation of iodides in presence of cyanides. 

In an acid solution the cyanide does not precipitate the cinchonine - 
bismuth reagent and thus does not disturb titration even when 
present in a high concentration. The procedure is here the same; 
however, more nitric acid is necessary to acidify the solution. 
Here also 2-t)-dinitrophenol is very suitable as indicator. At the end 
the titration must be rather slow, in order that the reaction between 
the silver cyanide, which is formed in the drops of the silver nitrate 
solution by the action of the gaseous medium (HCN) already before 
the drop has fallen into the liquid, and the iodide bound to the indi- 
cator may proceed to end before the titration is finished. The results 
are summarized in the Table VI. 


Table VI. 


No.! 

Ccaoi 

OVnKI 

taken: 

Amount 
of AW: 

Ccsoi 

ai-nAgNO:, 

spent; 

DifEcrcnco 
in CCS AgNO^i 

Volumi 
in ccs: 

1 

1*00 

1 9 

100 

00 

15 

2 

5*00 

ig 

500 

— 003 

15 

3 

10*00 

1 9 

1002 

— 003 

30 

4 

20*00 

1 g 

20- 10 

0-0 

30 
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VI. Estimation of iodides in presence of thiocyanates. 

Thiocyanate likewise forms no precipitate with the cinchonine- 
bismuth reagent. However, its amount must not exceed during titra- 
tion the amount of the present iodide, otherwise silver thiocyanate 
is precipitated at the end of the titration, because the reaction between 
iodide bound to the indicator and the silver ions requires some time, 
the results for iodide being thus higher. Isopropylalcohol is here 
without effect. The results are given in Table VII. 


Table VIT. 


No.: 

Ccs of 
()*l-w K1 
taken: 

Cc« of 

Ol-riNH^CNS 

taken; 

Ccs of 

0-1 -n AgNO^ 
spent: 

Difference 
in CCS of 
AgNOii 

Volume 
in ccs: 

1 

100 

1*00 

100 

0*0 

10 

2 

500 

5*00 

5- 10 

+ 0*07 

20 

3 

500 

10*00 

5- 10 

+ 0*07 

20 

4 

10*00 

5*00 

1007 

f 0*02 

20 

5 

10-00 

10*00 

10- If) 

+ 0*10 

30 

6 

20*00 

10*00 

20-20 

+ 0*10 

30 


With a larger amount of thiocyanate as stated one can proceed as 
with a considerable amount of chlorides (by precipitating from an 
ammoniacal medium); here only a higher concentration of ammonia 
is necessary, because the, silver cyanate is more difficultly soluble 
than the chloride. 

Example: Taken: lO OOcrtVof O l-nKI + ^ Ogrsol KCNS, dissolved 
to 100 CCS, and added 20 ccs of a 10% ammonia solution and 15 ccs 
of 01-n AgNO^', further procedure as in section IV. Spent: 9*80 ccs 
of 0‘1-n AgNO^ (difference — 0-25 cc). 

VII. Estimation of iodides in presence of ferrocyanides. 

Ferrocyanide forms with cinchonine-bismuth nitrate a yellow 
pi’ecipitate. Its presence in a small amount does not disturb the 
estimation of iodide. If, however, ferrocyanide is present in a greater 
amount, it is necessary to precipitate it with a zinc salt and to titrate 
the iodide without filtration in the same solution. Zinc nitrate in a 
solution about 1 -normal (formed by dissolving zinc oxide in nitric 
acid) is most suitable for this purpose. 

The results are contained in Table VIII. For 1 gr of K^Fe(CN)^ . 3 aq, 
it suffices to add 7 ccs of l-?i ZniNO^)^. 
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Table VIIL 


No.: 

GC8 of 
01-n KI 
taken: 

Amount of 
KtFeCy^ . 3 aq.: 

CC8 of 

0* ] -n AgrJVO, 
spent: 

Difference 
in cc« of 

0*1 -n AgNO^: 

Volume 
in CCS: 

1 

100 

0-5 g 

0*98 

— 0*02 

30 

2 

rroo 

10 y 

4*95 

— 0*08 

40 

3 

1000 

0-5 g 

9*90 

— 0*15 

50 

4 

2000 

10 g 

20*05 

-- 0*05 

50 


VITI. Estimation of iodide in presence of cobaltic cyanide. 

Also cobaltic c yanide forms a white precipitate with cinchonine - 
bismuth nitrate. The same may be said of the titration of iodides 
in its presence as was stated about their titration in presence of ferro- 
cyanide. Thus also here we must add before titration a sufficient 
amount of a \-n solution of zinc nitrate. Table IX contains the results. 


Table IX. 


No.: 

Ccs of 

O l-n Kl 
taken: 

Amoiuit of 
Na,NH,Co{CN),: 

Ccs of 

01-n AgNO., 
spent: 

Differc'nce 
in CCS of 
O-hnAgNOy. 

Volume 

in CCS: 

1 

100 

ig 

1*00 

0*0 

20 

2 

10*00 

If/ 

10*00 

— 0*05 

30 

3 

20*00 

ig 

20*05 

— 0*05 

40 


IX. Estimation of iodide in presence of nitroprusside.^**) 

Nitroprusside is not precipitated with the cinchonine-bismuth 
reagent and does not therefore disturb the titration of iodides. When it 
is present in a higher concentration, the end of the titration is difficult 
to observe because of the dark brown -red colour of the solution. 
Ill this instance it is necessary to dilute the solution with water 
before titration, and to use as a comparison solution a suspension 
of silver iodide in a nitroprusside solution of about the same concentra- 
tion. The colour transition is then well apparent. The results are given 
in Table X. 


Table X. 


No.: 

Cce of 
Ol-nKI 
taken: 

Amount of n . 

0-l-nN«^e(OiV)*A'O: 

Difference 
in res of 
0-]-n AgNO^: 

Volume 
in ccs: 

1 

100 

20'0 cm* I’OO 

0*0 

40 

2 

1000 

20-0 cm* 9-98 

--^-0*17 

40 

3 

20 00 

20-0 cm* 20-00 

— 0*10 

40 
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X. Titration of silver with iodide. 

Cinchonine-bismuth nitrate can be used also as indicator in titrating 
silver with iodide. Schneider^^) has proposed for this titration 
paUadous nitrate as indicator and titrates under addition of a protect- 
ive colloid. Cinchonine-bismuth nitrate can be used as indicator in this 
titration with equal success. 

Carrying out of analysis: To a solution containing silver ions about 
1 cc of the indicator is added and the solution is titrated with 0*1 -n KI, 
until a reddish coloration just appears. The transition of colour is also 
here sharp. 

Because the cinchonine-bismuth iodide is somewhat soluble, it is 
necessary to abstract from the total iodide used that amount of it, 
which was spent for the formation of the visible coloured compound. 
This correction amounts to 0*07 cc for each 10 cca of the liquid. 

The results are given in Table XI. — For the titration the same 
silver nitrate and potassium iodide solutions were used as in the 
former determinations: the mutual proportion established by potentio- 
metric titration was here: 10*00 cca of AgNO^ : 9*95 cca of KL 


Table XL 


No.: 

Ccs of 

0-1 -n AgNO, 
taken: 

Cca of 

0* l>n KI 
spent : 

Ol-n KI 
spent, 
corrected : 

Difference 
in cc of 

0*1 >n KI: 

Volume in ccs 
at the end of 
the titration: 

1 

100 

1*03 

0*96 

~ 0*03 

10 

2 

500 

5' 10 

5*03 

— 0*05 

10 

3 

1000 

10*20 

10*06 

+ 0*11 

20 

4 

1500 

15-20 

15*00 

+ 0*07 

30 

5 

2000 

20*35 

20*07 

+ 0*17 

40 

6 

2500 

25*35 

25*00 

+ 0*12 

60 


As is seen, the results are satisfactory. 

The estimation of silver in this way is not disturbed by cations 
enumerated in section I; besides this also lead and thallium do 
not cause trouble, if they do not exceed silver too much. Mercury 
and iron are troublesome. In presence of copper about 0* 1 gr of NaHSO^ 
is added to the solution before titration in order to prevent oxidation 
of iodide to iodine. Even a ten times greater amount of copper than 
that of silver is not inconvenient for the titration. 
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Summary. 

An argentometric method for estimation of iodides was elaborated 
using cinchonine-bismuth nitrate as indicator, with which the iodides 
form a red precipitate of cinchonine-bismuth iodide. This compound 
is decomposed during titration by the silver ions, and the change of 
coloration indicates sharply the attainment of the equivalence point 
with a titration error of — O' 5%. — The estimation can be made 
in presence of a great number of other cations and anions. Special 
procedures were worked out for the titration in presence of larger 
amounts of the other halides and of anions precipitated in an acid 
solution by silver ion. 

The same indicator can be used reversely for titrating silver with 
iodide with good results even in presence of other metals. 

Institute of analytical chemistry. 

Charles' University, Prague. 
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SUE LE DOSAGE DU PLOMB A L’fiTAT DE CARBONATE 
ET SA SEPARATION D’AVEC L’ARGENT AU MOYEN D’ACIDE 
CARBONIQUE EN MILIEU PYRIDIQUE DILUE 

par A. JlLEK ot J. KOtA. 

Pour le dosage pond^ral du plomb’) a I’etat de carbonate LewaP) 
et, plus tard, d’autres auteurs®) s’dtaient servis du carbonate d’ammo- 
nium en milieu ammoniacal, dans lequel, si celui-ci n'est qu’en faible 
exc^s, le carbonate de plomb®) est beaucoup moins soluble que dans 
les carbonates alcalins. On pese soit le carbonate de plomb (apr^is 
dessiccation), soit I’oxyde de plomb (apr^s calcination). Le proc4d6 
n’est toutefois pas sans presenter certains inconvenients. D’une part, 
lore de la precipitation au moyen du carbonate d’ammonium, il faut 
cviter tout excfes de precipitant, parce que celui-ci dissout un peu le 
carbonate de plomb. D’autre part, le precede n’est pas applicable 
a la separation des elements, puisque la plupart d’eux, surtout 
ceux appartenant a la premiere classe analytique, sont egalement 
precipites par le carbonate d’ammonium, suffisamraent dissocie. Voilk 
les raisons pour lesquelles la rnethode en question, encore qu’elle soit 
simple et peu dispendieuse, n’a pas trouve d'accueil favorable. D’apr^s 
nos experiences, les inconvenients signaies peuvent etre detoumes si 
dans la precipitation le carbonate d’rmmonium est remplace par 
I’acide carbonique et une solution aqueuse de pyridine comme faible 
base organique. 

Le carbonate de plomb forme par precipitation dans ce milieu est 
trfes peu sensible vis-a-vis d’un exces, meme assez grand, d’agent pre- 
cipitant, et la concentration en ions CO^", relativement faible mais 
suffisante pour depasser le produit ionique peu considerable du carbo- 
nate de plomb, permet de separer le plomb de ceux parmi les elements 
dont les carbonates pi»esentent un produit ionique plus eieve. Les 
corps simples d’avec lesquels la separation du plomb ne saurait etre 
efiectuee, sont d’abord ceux ii valence superieure,®) subissant aisement 
I’hydrolyse et precipitant k I’etat d’hyiwxyde par la pyridine elle- 
mSme, puis les terres rares, dont les carbonates ne possedent qu’un 
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produit ionique faible et qui fournissent avec Tacide carbonique en 
milieu pyridique le plus souvent des carbonates insolubles. 

D’autre part, le plomb n’est pas preoipite dans les conditions 
signal^s pour les terres rares, s’il se trouve en solution sous forme 
d’un complexe, 

D’apres ce que nous venons de dire,il devient probable que le plomb 
se laisse separer de la mani^ire indiqu^e ci-dessus d’avec les Ele- 
ments de la premiere classe analytique (a Texception du bismuth) 
dans laquelle les carbonates ont un produit ionique superieur celui 
du carbonate de plomb. La prEsente communication porte en premier 
lieu sur la sEparation du plomb d’avec Targent, celle d’avec les autres 
corps simples est encore k TEtude. 11 parait d'ailleurs que le nouveau 
procEdE pourra Egalement etre utilisE pour le dosage volumEtriqiie 
des ElEments en question. 

Signalons encore que la pyridine a deja EtE employEe par G. Spacu 
et J. Dick®) pour prEcipiter le plomb, en presence de Tanion 8CN\ 
a TEtat de rhodanate de plomb, que Ton pese. Ce procEdo ne permet 
toutefois pas une sEparation, Etant donnE que la plupart des corps 
simples, surtout de la classe analytique I, sont prEcipitables par Tanion 
ON S' seul. En outre, comme le signalent les auteurs eux-memes, une 
proportion un peu notable de sels d'amrnonium empeche la prEcipi- 
tation complete du plomb. 

Parmi les mEthodes pondErales recentes servant a la sEparation 
du plomb d’avec I’argent, celle de H. Brintzinger’) est basEe sur 
I’insolubilitE de I’oxalate de plomb en liqueur ammoniacale, celle de 
G. Vortmann et O. Hecht,*) sur I’insolubilitE du phosphate de 
plomb dans les solutions ammoniacales du tartrate d’ammonium. 
Pour sEparer I’argent d’avec le plomb, ces derniers auteurs®) out 
ElaborE un procEdE utilisant I’insolubilite de I'iodure d’argent dans 
la mEme liqueur ammoniacale complexe. 

Dosage du plomb a I’Etat de carbonate. 

Les solutions Etalons ont EtE prEparees en dissolvant Fazotate 
de plomb pur^®) de la maison Merck de maniere que 25 cc de liqueur 
renfermassent 0*1 gr environ de plomb. 

La valeur des liqueurs Etalons a EtE dEterminEe par le procEdE 
habituel au sulfate: Evaporation avec de I’acide sulfurique, dilution 
par de I’alcool ^50% jusqu’A. obtention d’une solution renfermant 
environ 4% d’acide sulfurique, lavage du prEcipitE, sur un filtre Gooch, 
par lui liquide de composition sensiblement voisine. Avec 25 cc de 
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Tune des solutions ^talons nous avons obtenu, dans deux essais, 
respectivement 147-1 et 146-8 mgr de PbSO^, ce qui correspond en 
moyenne k 100-3 mgr de P6, dans 50 cc de Tautre solution ^talon 
respectivement 303*1 et 303*3 mgr de PbSO^, soit en moyenne 
207-1 mgr de P6. 

II va sans dire que nous n’avons pu op6rer que sur Tazotate de 
plomb, les autres sels courants, le sulfate et le chlorure de plomb, 
4tant trop peu solubles dans Teau. 

La pyridine seule ne precipite que faiblement les solutions d’azo* 
tate de plomb, toujours un peu dissoci^es. Ce n’est qu’en presence 
d’acide carbonique que le plomb est precipite quantitativement, iT^tat 
de carbonate, suppose que la pyridine soit pr^sente ©n quantity suffi- 
sante. Son role est, en efiet, d© fixer I’acide azotique form4 par double 
decomposition et de contrebalancer la reaction acide produite par 
rhydrolys© de Tazotate de pyridine. 

Au debut de nos essais, voici comment nous procedions: Une solu- 
tion neutre (dont Tacidite, due a rhydrolyse, avait ete coupe© par 
1 a 2 gouttes de pyridine diluee [1 : 10] en presence de methylorang© 
comme indicateur) et renfermant au maximum 0*1 gr de plomb dans 
un volume total de 100 cc, a ete additionnee de quantites variables 
de pyridine 1 : 10, aprfes quoi on a fait passer dans la liqueur, pendant 
une demi-heure jusqu’^i trois quarts d'heure, un courant rnodere 
d’acid© carbonique purifie dans un flacon laveur Drechsel contenant 
une solution dilude d’azotate d’argent. 

Apres un repos plus ou moins prolonge, on a fait passer de nouveau, 
pendant 5 minutes, un faible courant de gaz carbonique. Le precipite 
a ete recueilli sur un creuset Gooch garni soit d’amiante, soit d’une 
plaque poreuse filtrante (Aj), puis lave par de I’eau sature© d’acide 
carbonique ou encore additionnee de quantites variables de pjnridin© 
(1 : 10). Le lavage termine, le precipite a ete seche jusqu’i poids 
constant 105® environ ou bien calcine dans un creuset protecteur 
en porcelain© par la flamme d’un bruleur ordinaire. 

Dans le filtrat direct, comme aussi dans les eaux de lavage, on a 
recherche la presence de plomb par 1© sulfure de sodium.^^) 

Les resultats obtenus par ce proc6de se trouvent reunis dans le 
tableau I. (Voir p. 399^.) 

II ressort des essais 1^8 que les valeurs trouvees pour le plomb 
s’accordent pratiquement avec celles calcuiees si dans un volume total 
de 100 cc environ 0*1 gr au maximum de Pb est precipite par CO^ en 
presence de 2 a 5 cc de pyridine dilue© (1 : 10), ©t que le lavage du 



Tableau I. 


i Addi- Repos 

tion de apr^s 

de Ph Trouv^ en vngr pyridine la 

® misen dilute preci- 

I oeuvre P 6 CO 3 /W Ph (1:10) pita- 

^ en cc tion 


1 


129-3 100-2 108-0 

100-2 

5 

— 

2 

100-3 

129-3 100-2 108-1 

100-3 

2 

— 

3 


129-7 

100-5 108-0 

100*2 


7 heures 

4 

40- 1 

51-9 

40-2 -- 

— 


-- 

5 

60-2 

77-4 

60-0 ~ 

— 

3 

2 jours 

0 


129-6 

100-4 — 

— 


4 „ 

7 

100-3 

129-5 

100-4 — 

— , 


2 

8 


129-6 

100-4 ~~ 

- 1 


2 

9 

40*1 

51-2 

39*7 42-5 

1 

39 - 4 ) 

5 

2 

10 

60-2 

75-7 

58-6 — 

— 

1 

1 jour 

11 

1-6 

2-3 

1-7 — 

— 

3 

3 jours 


Liquide 
de lavape 


100 cc 
d’eau ren 
fermant 
2 cc do 
pyridine 
1:10 ot 
satiiree 
d(‘ (70* 


comine 
dans les 
OHsais 1 — 6 , 
inais sans 
CO2 


45 cc d’eau 
satiireo 
de CO, 


queltiues cc 
du liquide 
signal e 
sub 1 . 


Volume: 100 cc, introduction de CO^: — ^/4 d’heure. 


Note 


Dans 
le filtrat, 
le sulfure 
alcalin 
revele uf*s 
traces de 
plomb. 


achaiid; lo prC* 
cipit6 GHt plus 
compact quc 
lors de Paddi- 
tion de 3 cc d(‘ 
pyridine 1:10 
voir 6. 

Le prCcipit6 est 
compact, mais 
plus soluble 
dans le iiqublc 
de lavagrc quc‘ 
pour I’essai H. 
0 7 7nffr de J*h 
duns le flltmt. 

Le preeipite 
est fill et plus 
soluble dans 
le liquide de 
la vagrt‘. 

Le sulfure 
alcalin r^vdlc 
des trMrCCh dc 
ploinb. 


]>r4cipite soit effectue par 100 cc environ d’eau renfermant environ 
2 cc de pyridine dilute (1 : 10) et saturee eventuellement encore d’acide 
carbonique. Le prdcipit^ est d’autant plus compact et facile a filtier 
que la dose de pyridine employee pour la pr^cijiitation a etc plus 
forte (voir les essais 1 — 8). Au contraire, si cette dose est rabaissee 
a 1 cc (1 : 10), le preeipite obteiiu est tr^s fin, enclin a se dissoudre, 
de sorte qu’il passe du plomb dans le filtrat. Comme on le voit dans 
Tessai 10, la valeur trouv^ pour le plomb est forct^ment inferieure 
a celle calcul^e. 


28 
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Ainsi que le montrent les essais 9 et 10, il en est de meme si le 
lavage du pr^ipite est op6r4 par de Teau satur6e seulement de 
m^me alors que la dose de pyridine employee pour la precipitation 
est superieure ^ 2 cc pour 100 cc de volume total. L’essai 11 prouve 
que notre proc^de permet de doser exactement mOme des quantites 
relativement faibles de plomb. Malgr^ cela — meme dans les cas 
oil il y a parfait accord entre les valeurs trouvee et calcuiee — on 'pent 
constater (au moyen de sulfure de sodium) des traces de plomb, de 
Fordre d’environ 10"~^ grr, dans le filtrat direct ainsi que dans les eaux de 
lavage. La perte par calcination a 105® (trouvee en moyenne 21-5 mgr 
alors que la perte de ('O 2 ealculee serait de 21*3 rngr) met en Evidence 
que le precipite desseche possMe la composition PbCO^ et que, par 
calcination, il se transforme aisement en PhO^^) (non hygroscopique). 

Le coefficient servant a calculer le plomb etait de 0*7754 pour le 
carbonate et 0*9283 pour Toxyde de plomb. 

Le tableau suivant (II) montre de quelle maniere les rc^sultats du 
dosage sont influences par la composition de la solution servant au 
lavage du precipite. 


Tableau II. 


m nigr 

do Fb Troiive eii mgr 
mis en 

^ oeuvre /WOa Pb FhO Pb 

1 100*3 129*1 100*1 107*5 99*8 

2 60*2 77*7 60*2 ()4*(5 59*9 

3 40*1 51*6 40*0 42*0 39*5 

4 100*3 129*0 100*0 107*7 99*9 

5 60*2 77*7 60*2 04*7 60*0 

6 40*1 51*4 39*8 ~ — 


Repos 

api^s 

la 

preci- 

pita- 

tion 


Li({uide de lavage^ 


100 cc. d'eau ronf(T- 
i- xnant 2 cc d<^ pvri- 
dine 1;10 


24 h. 


1 00 cc d’oau saturee 
d<| CO 2 et renft^r- 
mknt 2 cc de pyri- 
dine 1:10 et 1 cc 
d’alcool k 96 % 


« u 100 cc d’eau et 1 cc 
de pyridine 1:10 


12 h. 

4 j. 


100 cc d’eau 
('t 1 goutte de 
pyridine 1:10 


Note 


Dans les 
filtrats direct 
et de lavage. 

le sulfure 
alcalinrc^wele 
do.s traces 
de plomb. 

Le filtrat dt* 
lavage eat- 
leg^remont 
trouble, 
il contient 
nettement 
du plomb. 


Dans le volume de 100 cc: 3 cc de pyridine 1 : 10. Introduction de 
CO 2 : d’heure. 


Dans les essais du present tableau on a precede comme pour oeux du 
tableau I, avec cette difference toutefois que la dose de p 5 rridine (1: 10) 



401 


etait constamment 3 cc pour un volume total de 100 cc. La duree 
d’introduction de Tacide carbonique a 6te maintenue a d'heure, 
la composition du liquide de lavage a et^. modifiee. 

Ainsi que le font voir les essais 1, 2 et 3, les resultats obtenus 6taient 
en somme satisfaisants si le lavage du precipite a et(^ effectue au moyen 
de 100 cc d’eau renfermant soit 2 cc de pjrridine diluee (1: 10), soit en 
outre de la pyridine 1 cc d’aloool a 96%, et saturee d’acide carbonique. 
Malgr^ eela, on a pu deceler (au moyen do sulfure de sodium) des 
traces de plomb dans le filtrat et le liquide de lavage, il est vrai seule- 
ment apres evaporation a tres faible volume. Si le lavage a ete fait 
avec 100 cc d eau renfermant seulement 1 cc ou une goutte de pyridine 
diluee (1 : 10), les resultats obtenus ^taient bien inferieurs aux valeurs 
(^alculees, et dans les eaux de lav^age (100 cc), l^gerement troubl^es, 
la quantite de plomb doeelable apres evaporation etait plus notable 
que dans les cas precddents. Dans le filtrat direct, toutefois, on n’a pu 
constater que des traces de plomb. 

Dans les essais ulterieurs, nous avons tache de rabaisser la solubilite 
du carbonate de plomb par addition d'alcool lors de la precipitation 
et lors du lavage. La dur^ de dessiccation du precipite a 6te di- 
minuee en elevant la temperature de 105® a 120®. En meme temps, 
on a ("^tabli, pour 0*2 gr de Pb et un volume total de 100 cc, la dose opti^ 
murn de pyridine dilu^ (1:10) et le repos optimum apres la precipi- 
tation. Le tableau suivant 111 rend compte des resultats de ees essais. 
(Voir p. 402.) 

Les essais 1 — 3 nous enseignent que, si 01 gr de P6, pour un volume 
total de 100 cc. sent pr^cipit^s par I— 2 cc d’alcool a 96 et 3 cc de 
pyridine dilute (1: lU), et qu'on lave par 100 cc d'lm liquide sature 
de CO 2 et renfermant 2 cc de pyridine (1 : 10) et 1 — 2 cc d’alcool a 96®/^, 
on obtient des chififres thdoriques ou legerement superieius. Le pre- 
cipite est suffisamment compact, facile a filtrer, le filtrat direct et les 
liquides de lavage contiennent a peine des traces de plomb. 

Si, toutes choses 4gales d'ailleurs, la proportion de plomb est aug- 
ment^e jusqu’4 0*2 gr, la dose de 3 cc de pyridine diluee (1: 10) ne 
suffit plus k pr^cipiter completement le plomb (voir Tessai 4), et dans 
le filtrat direct le plomb se laisse nettement constater. Pour obtenir 
ici encore des valeurs exactes, la dose de p 3 rridine diluee (1 : 10) doit 
etre 6lev6e k 15 cc. 

CJomme le montrent les essais 11 — 18, 5 cc d’alcool ^ 96®/o dans le 
liquide de precipitation et 4 cc respectivement de cet alcool et de pyri- 
dine (1: 10) sont les proportions qui donnent les meilleurs resultats. 

28 * 
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mgr 
de Ph 
I mis en 
ceuvre P6CO, 

1 100-3 129-5 


Trouvo on m^r 

Ph PbO 

100-4 108-2 


Tableau III. 

Addition RepoH 
en cc apr^B 

pr6ci- 

S'!?. 


Liquide de 
lavage en cc 


Note 


Ph 

100-41 


60-2 

40-1 


77-8 

51-9 

257-0 


60-3 

40-2 

199-2 


64-9 

43-2 


60*2| 

40-1' 


^^' 200'7 


257-7 199-8 215-1 199-6 


268-2 200-2 215-6 200-0 


258-4 200-3 216-2 200-6 


258-6 200-5 216-0 200-5 


258-5 200-4 215-8 200-3 


258-4 200-3 215-7 200-2 


11 


12 


24 h. 

12 h. 
24 h. 


12 h. 


2 10 3 j. 


15 12 h. 


12 2 j. 


268-7 200-6 216-1 200-6 


256-3 198-7 — — 35 


13 

'1 

16 103-5 


258-7 200-6 216-0 200-5 5 


253-2 
258-6 

133-9 103-8 111-7 103-7 


196-3 - ~ 6 

200-5 216-0 200-5 10 


17 62-1 80-5 62-4 67-5 62-6} 5 


18 41-4 53-6 41-5 44-9 41-61 


15 


12 h. 


5 h. 

2j. 

5h. 


12 h. 


100 cc d^eau 
ronfermant 2 cc 
de pyridine 
(1:10) et loo 
d*alcool k 96% 
et Batur6e 
de OOj 


Le pr^cipitd 
est compact, 
les ditmtH 
direct et de 
flavage oontien- 
nent& peine deH 
traces de 
plonib. 

Le plomb di< 
minue dans le 
flltrat k mosure 
QUO la dose de 
pyridine 
aucmiente. 

Le liquide de 
lavage on 
ronlorme tout 
au pIuR doH 
tiacoH. 

Lea valeurw 
trouvdes poui* 
le ploiub 
s’6i6vcnt 
BueeeRslvement 
pour atteindit* 
prcBque eelles 
qu’exljire 
le (»ilcul. 
Par BulU' (I’une 
augriiientatioi) 

U« mf-iuc'. lUHlH il,‘ 

arec 1-2 ee da 


M^mt^ 
yiqiiide, mais 
mifermant 
2 cc d’alcoolj 
96% 


pyridiiu‘ 1:10 


iieur et) plonib 
H’ac<Tolt dauN 
lOH flit rats de 
100 00 d'ean lavage, 
rentermant 4 CO Lew filtratH di- 
de pyridine rect et do lava * 
1:10 et 4 CO gre i*enferiiient 
d’alcool k 06% k peine des tra< 
et saturCe (*e8 de plomb. 
do rOj L’augmcnta- 

tion dc* la doHc 
De iii^iite, malH d’alcool fait 
arc'c ;t.5 or iietteraent 

d’alt'ool k 06% paaner du 

plomb dana 
les flltrats. 

ueniemt,mals jutrats k peine 
des traces de 
plomb. 

Ur. niSnie, mats volr la note dP 
aveo 6 cc o 

d’alcool k 96% ‘ ^ 

Voir la note de 


Vtdr iu note 
de I’essai 11 


avec 5 cc 
d’alcool k 96% 


ressai 1:1. 
Aprds neu trail* 
saiion &la pyri- 
dine, repos de 
r> minutes. 

^ lies flltrats 
sont limpides. 
le plomb s’y 
laisse k peine 
d^oeler. 


100 cc renferment 0-2 gr de Pb au maximum; dur^ de pr^ipitatiou 
par CO,: */, d’heure. 
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Un exces trop considerable de pyridine dans le liquide de lavage ou 
line proportion exag^ree d’alcool dans les liquides de precipitation 
et de lavage (voir par exemple I’essai 12), rabaissent les chifires obtenus 
pour le plomb et rendent en outre plus difficile le depot du predpite. 

Le mode operatoire suivi dans les essais 16 — 18 differe de celui des 
essais 11 — 15 en ce que, apres neutralisation, la solution, prete a etre 
precipitee, a d’abord ete abandonnee au repos pendant 5 minutes 
environ, jusqu'a formation visible d’un sel de plomb basique. Cette 
raaniere de proceder a donne les meilleurs resultats (voir le tableau), 
et dans filtrat direct, comme aussi dans les liquides de lavage, le plomb 
s'est peine laisse constater, etant de Fordre de 10“® gr environ. 

Le meme proced^ a et^ employe pour doser le plomb en presence de 
sels alcalins ou d'ammonium. Les sels en question {NaNO^, KNO.^, 
NH^NO^) ont 6te ajoutes dans la proportion de 1 gr pour 100 cc de 
liquide a precipiter. Le repos apres neutralisation etait de 20 a 25 mi- 
nutes. Voici, dans le tableau IV, les resultats obtenus dans ces essais. 


Tableau TV. 


rngr 

de Pb Ti'ouve en mgr 

mis en 

anivre PbCK),^ Pb PbO Pb 


Addition Repos 

apres 
de la 

k 96% dine pi ta- 
li 10 tion 


. & 

^ cd 

^ I 

u* 

.s o 
hJ t? 


Not(' 


1 


267 r) 207-4 223-4 207-3 1 gr de] 





NH,NO^ 



2 

207- 1 

267-4 207-3 223-2 207-1 1 gr de 

NaNO^ 

5 cc 

15 cc 

3 


267-7 207-6 223-6 207-4 1 gr de 





KNO^ J 




g 3 

cfi p © 

Ii4 

1-1 'O 


Dans Iph 
flltratH llm- 
pldes le 
. plomb ho 
laisse 
peine 
constater. 

Les flit rats 
Hont llmpi- 
des, mats 
rciifermeut 
(les traces 
de plomb. 


Volume: 100 cc. Precipitation par CO^ (^U d'heure) en presence de 
1 gr d'azotate alcalin. 


On reconnalt dans ce tableau que meme en presence de 1 gr d’azotates 
en question notre m^thode de dosage du plomb se laisse tres bien 
utiliser. Dans le cas de Fazotate de potassium le chiffre trouv6 est un 
peu plus fort que la teneur calcul^e oe qui est du une faible retention 
de sel alcalin. Ajoutons que dans le filtrat direct de cet essai le plomb 
se laisse — apres Evaporation k faible volume — constater plus 
nettement que dans les essais 1 et 2. 



404 


II r^sulte de ce qui vient d’#.tre dit que pour la quantity maximum 
de 0-2 gr de Pb dans 100 cc de volume total d'une solution sensiblement 
neutre le plomb se laisse doser a Tetat de carbonate meme en presence 
de 1 gr d’azotate alcalin ou d’ammonium si les conditions suivantes 
sont remplies: Apres neutralisation au moyen de pyridine (1: 10) en 
presence de m^thylorange et aprfes 5 minutes de repos, le liquide renter- 
mant 5 cc d’alcool k 98% et 15 cc de pyridine (1 : 10) est pr^cipite par 
Facide carbonique qu’on introduit pendant d’heure. Le lavage est 
oper^ par 100 cc d’un liquide sature de gaz carbonique et renfermant 
4 cc d’alcool k 96% et le meme volume de pyridine dilute (1 : 10). Le 
precipite est pese soit a l’4tat de carbonate (apres dessiccation k 120®), 
soit aprfes avoir ^te amenc a r6tat d’oxyde de plomb (par calcination). 

Separation, a r6tat de carbonate, du plomb d’avec Targent. 

Le procMe de dosage du plomb decrit ci-dessus a ete appliqu^ en 
outre a sa separation d’avec Targent, car dans ces conditions ce dernier 
metal n'est pas du tout ])recipit(i.^®) 

Deux solutions ^talons d’argent ont 6te prepar^es en dissolvant 
Tazotate d^argent Merck y)ro analysi de maniere que 25 cc de liqueur 
renferment environ 0*1 gr d 'argent. IjG titre de ces solutions a 6t6 
d4termin6, d’une part, de la maniere habituelle, sous forme de chlorure, 
d'autre part, en presence de la quantity de pyridine et d'acide azotique 
correspondant aux conditions dans lesquelles Targent serai t dose dans 
le filtrat apres le plomb. ' 

Avec 25 cc de Tune de ces solutions etalons on a obtenu respective- 
ment 136-8 et 136-9 7ngr de chlorure d'argent, dans ce dernier cas 
en presence de 3 cc de pyridine diluee (1: 10), ce qui correspond en 
moyenne 102-9 nigr d’argent. Avec 50 ,cc de Tautre solution 6talon 
la valeur trouv^e etait la meme dans 2 essais, soit 102-9 mgr ou 
197*4 mgr d'argent. Dans run de ces essais on a op^re en presence 
de 15 cc de pyridine dilu(^ (1 : 10),^^) 

La separation du plomb d'avec I’argent a ete oi)eree par le proc4di5 
signal^ a propos du dosage du plomb (tableaux II et III, essais 16 — 18). 

L'argent du filtrat a 6t6 dose, toujours apres acidulation par de 
Tacide azotique, de la maniere habituelle k T^tat de chlorure, au besoin 
apres evaporation a un.faible volume. Les r^sultats obtenus par le 
premier precede se trouvent rassembles dans le tableau V. (Voir p. 405.) 

On voit par ce tableau que le precede d^>crit permet d’obtenir pour 
le plomb, comme aussi pour Targent, des chiffres satisfaisants (quoique 
dus k des compensations) tant que la quantity de plomb ne ddpasse pas 
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Tableau V. 


^ Repos 
®t: apres 

mi8 on Trouve en la 



oeuvre 




-2 c 

preci- 

o 

Pb 

Ag 

PbOO, 

Pb 

AgCl 

Ag 

pita- 





■**1 ft 0* 

tion 


' 


129-3 

100-2 

— 



^ j- 

j 

100*3 







2| 



129-7 

100-5 

136*6 

102*8 


2j. 


Liquirie 
<li' lavag<‘ 


Note 


3 40 1 

4 60-2 

5 80*3 

6 100*3 

7 00*2 


102*9 52*0 40*3 130*8 102*9 
78*5 60*8 136*5 102*7 
103*8 80*4 136*8 102*9 
61*7 129*6 100*4 82*3 61*9 
82*3 77*5 60*0 109*7 82*5 



100 cc 
tenfei- 
in ant 
2 cr de 
])yridine 
1 : 10 


I Loh 

filtrats 

sont 

faible- 

ment 

troubles. 


8l 


Gl-? 129-3 100-2 


Dc niiiis 

o i Mature I 

.1' »'4 ci’lieur(‘ 

par COi 


9 

JO 


100-3 


128-9 99-9 137-1 103-1 


102-9 


129-G 100-4 137-1 103-1 


6 ll < 'online dans 
’ les eBsaiH 1 ~ 7 


12 h. < ’online dans 8 


Poids maximum: 0*1 gr de Pb, 01 gr d'Ag, Volume: 100 cc, eu 
])resence do 3 — 5 cc de pyridine; dnree d’introduction du 6T>2:^/ 4 
d'heure. 


0*1 gr, e’est-^-dire le poids pour la precipitation duquel, en liqueur 
sensiblement neutre, la dose de 3 A 5 cr. de pyridine diluee ( 1 : 10 ) suffit 
encore. 

II subsiste toutefois rinconv^^nient que, par suite de la proportion 
relativement faible de pyridine ajout^e, le carbonate precipite sous 
une forme assez fine, de sorte qu’il traverse ais^ment le creuset Gooch, 
que ce dernier soit garni d’une plaque filtrante {Ai) ou d’une couche 
d’amiante. Pour cette raison, le liquide de lavage presente toujours 
un leger trouble. 

Les r^sultats obtenus par Tautre proc< 5 dtS signal^ propos des essais 
16 — 18 du tableau III, pour des poids de plomb allant jusqu’^i 0*2 gr, 
des quantit^s maximum d'argent sensiblement les memes et un volume 
total de 100 cc, figurent dans le tableau VI. 
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Tableau VI. 


RepoH 


I Mis on oeuvre apr^ 

en mgr Trouv6 en mgr la 

^ pr6ci- 

Q Pb Ag PbCO, Pb PbO Pb AgCl Ag pita- 

12 ; tion 


Note 


h 


2 


207- 1 


3 ^ 

4 103-5 


5 62-1 


fi 20-7 
7 207-1 


98-8 

61-7 


197-4 




223*4 

207*3 

131*3 

98*8 


267-5 

207*4 








223*5 

207*4 

82*2 

61*8 

12 h. 

267-1 

207*1 

223*2 

207*1 

262*0 

197*0 


134-0 

103*9 

111*8 

103*7 

262*4 

197*4 

3»/,h. 

80-7 

62*5 

67*3 

62*4 

262*7 

197*7) 


26-7 

20*7 

22*3 

20*7 

262*5 

197*5 

12 h. 

267-5 

207*4 

223*6 

207*5 

262*3 

197*4 



Los flltrats sont 
tout ^ fait ]ini< 
pldes, lo PbC(h 
desf^h6 est 
proHQue blan(‘ 
sauf dans Ion 
OBsals 5, 6 et 7 
oil 11 est Wg^re- 
meut gri8A.tr(\ 
1)0 ra^me danw 
ees dernlers 
OHsais le PbO 
n'ost pas jauno 
pur. 

Liqiiide 
do lavagfj: 
100 rc d*ean 
satur6t^ do 
et renfermant 
4 cc d’aloool 
1 ^. 96‘J^, et 4 C(‘ de 
pjridlne 1:10. 


Poids maximum: 0*2 gr de Pb, 0*2 gr ^'Ag, 

Volume: 100 cc, en presence de 5 c^ d'alcool 96% et 15 cc de pyri- 
dine (1 : 10). Dur^e d 'introduction du (X)^ : d’heure. 


A la difference du mode operatoire precedent on obtient ici des filtrats 
de lavage tout a fait limpides, des precipites compacts, faciles k filtrer, 
mais le plus sou vent faiblement gris&tres ou violatres, ce qui semble 
etre du a une reduction, quoique trea peu considerable, de la solution 
argentique soit par les poussieres, soit par les traces d’ald^hyde pro- 
venant de Talcool mis en ceuvre. Cependant, la quantite d'argent 
retenu par le pr6cipite est si insignifiante que, ainsi qu’il sera montre 
plus bas, on ne peut pas la reconnaitre par les reactions qualitatives 
(^ourantes. Cette Mgere souillure ne devient plus perceptible qu'apres 
la calcination du carbonate a I’^tat d’oxyde. Ce dernier presente en 
effet une nuance gris4tre. Celle-ci n'apparait d’ailleurs pas du tout 
lorsqu’on opere la precipitation sans aicool. Malgr6 ce qu’on vient 
de dire, le proc6d^ d6crit ci-dessus foumit, tant pour le plomb que 
pour Fargent, des chiffres qui s'accordent pratiquement avec ceux 
qu’on calcule. 

meme precede a et^ employe avec succ^s pour s^parer le plomb 
et I'argent dans des solutions renfermant jusqu’k 1 gr d’azotates 
(NaNOj^y KNO^y NH^NO^) (voir le tableau VII). Ici non plus, la 



No de I'essai 


407 


quantity d’argent retenu par le precipit^ ne peut etre d^celee par les 
r^actifs habituels, ainsi que le montre Tessai 4. Un precipit4 au poids 
de 267*4 mgr, recueilli au creuset Gooch k plaque filtrante (Ai), puis 
s^he k 120® jusqu’4 poids constant, pr^sentait une couleur faible- 
ment grisatre. Apres dissolution dans de Tacide azotique (1 : 3),^®) 
le liquide obtenu a et^ 4vapore a sec, le r^sidu a ete humecte avec 
3 gouttes d’acide azotique de meme concentration, ramene par dilution 
a 100 cc, puis pr4cipit4 de nouveau, cette fois-ci en solution exempte 
d’azotates alcalins. Le poids du precipite presque blanc etait, apres 
dessiccation k 120®, de 267-2 mgr, done extremement voisin du chiffre 
267-4 mgr obtenu lors de la premiere precij)itation. 


Tableau VIl. 

Repos 
Addition apres 

Trouve en nigr de 5 cc la ^ . 

d’azotate preci- 

A 20 IDltift* 

Ph Ag PWO, Ph PbO Pb AgCl Ag tion 


mis (*ii(vuvr( 
en wgr 


1 

103-5 

197-4 

133-9 

103-8 

111-9 

103-8 

262-2 

2 

207-1 

98-7 

267-5 

207-4 

223-2 

207-1 

131-2 

3 

103-5 

197-4 

133-9 

103-8 

111-9 

103-8 

262-2 

4 

207-1 

98-7 

267-4*) 

207-3 

— 

— 

130-8 




267-2**) 207-1 

223-2 

207-1 

— 

5 

2-0 

134-2 

2-7 

2-0 

2-2 

2-0 

178-7 



1-9 

267-6 

207-4 

223-3 

207-2 

2-7 


207-1 







?! 

1 

19-7 

267-0 

207-0 

223-2 

207-1 

26-6 


tion 

2 h. 


NH^NO, 


® a 

DC 'S 


g ^ ‘C « 3 

3 NaNO^ 2 h. Il-ssf 

I irwn - u 

4 KNO, *. h. g^-|: 

J n. « .a 
Sl9‘?2 

0- KNO, 4 h. g !:“■ 

a 'Z'^ 

, 5 t 

0 - 1 h. ^ 

Poids maximum: 0-2 gr de Pb, 0*2 gr A'^Ag. 

Volume total: 100 cc, en presence de 5cc d'alcool a 96%, de ir)cc 
de pyridine (1 : 10), et de 1 gr d’azotate alcalin. Dur6e d’in trod notion 
du COg : ®/4 d’heure. 


*) Dissous dans HNO^ 1; 3, apr^s Evaporation, reprecipitE sans juldition 
(Pazotate alcalin. 

♦*) PesE aprEs la deuxiEme prEcipitation. 

♦♦♦) La precipitation a EtE opErEe sans aj outer les 6 cc d’alcool t\ 96%. L<' 
prEcipitE de PhCO^ est blanc, mais plus fin et so dEposo plus lonteinent fpit' 
dans les essais 1 — 6. 
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Dans le filtrat apres la deuxi^me precipitation, concentre par Evapo- 
ration, I’argent n’a pu etre dEcele ni par Tacide chlorhydrique ni par 
r hydrogene sulfurE. L’insignifiant rEsidu gris&tre retenu dans le 
ereuset Gooch et qui, apres dessiccation k 120®, avait pesE 0-4 mgr, 
a eompletement disparu lors de la calcination, ce qui est Tindice de 
traces de matiEres organiques qui avaient EtE carbonisEes k 120®. 
Geci explique la lEgere Elevation des chiffres trouvEs par rapport 
aux chiffres calculEs. 

IjCS notes j ointes aux essais de co tableau mettent en Evidence que 
la filtration du prEcipitE pent etie opErEe meme aprEs 1 heure de repos. 
Les essais 5 et 6 montrent que la mEthode donne de bons rEsultats 
meme dans le dosage de faibles quantitEs de plomb en prEsence de 
quantites considerables d’argent, et inversement. Dans Tessai 7 on 
a opErE la sEparation du plomb d’avec Pargent par le meme procEde. 
mais en solution exempte d’azotate et d'alcool (5 cc). Ici, le carbo- 
nate etait presque blanc, Toxyde obtenu par calcination, d’une belle 
couleur jaune sans taches grises. On voit par cela que mEme sans 
addition d’alcool au hquide a j)rEcipiter on pent obtenir des rEsultats 
tout k fait satisfaisants, a cette petite difference prEs que le prEcipite 
est un peu plus fin et se dEpose plus lentement. 

Pour enlevor le carbonate de plomb k la plaque filtrante du creuset 
(iooch, Tacide azotique convient le mieux, Foxyde de plomb (aprEs 
calcination) est elimine par le meme acide chaud et additionnE d'acide 
chlorhydrique. AprEs lavage a Peau chaude, dessiccation et calcination 
(dans un four Electrique Heraeus), le creuset a plaque filtrante est 
f>ret k un nouvol usage. 

En rEsumant ce qui a EtE dit plus haut voici comment nous recom- 
mandons de procEder pour doser le plomb et le sEparer d'avec Pargent 
(inEme en prEsence Eventuelle de sels alcalins ou d’ammonium): 

Une solution sensiblement neutre,^’) ne renfermant pas plus de 
{)'2 gr de plomb ou de 0*2 gr d’argent (en prEsence Eventuelle de 1 gr 
au maximum d’azotate alcalin ou d’ammonium) est diluEe par Peau 
a 80 Elle est ensuite additionnEe de 5 cc d’alcool k 98 % de rEaction 
neutre (lors de la sEparation des deux inEtaux on pent se passer de 
Palcool), puis neutralisee au moyen de pyridine diluEe (1 : 10) en 
prEsence d ’orange mEthyle (2 — 4 gouttes suffisent pour une solution 
sensiblement neutre). Le tout est abandonnE au repos pendant 5 — 20 
minutes, jusqu’a formation d’un lEger trouble. 

AprEs addition de 15 cc de pyridine diluEe (1 : 10) aussi pure que 
possible, on fait passer, pendant ®/4 d’heure, un courant modEre de gaz 
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carbonique (lav6 dans une solution dilute d’azotate d’argent), jusqu’a 
ce que le precipite se soit rassemble presque entierement au fond 
du vase. Apres un repos de 2 a 3 heures on introduit de nouveau 
du gaz carbonique, cette fois*ci pendant 5 minutes environ, on recueille 
le precipite, en aspirant legerement, sur un creuset Gooch (A^) a 
plaque filtrante et on le lave par 100 cc d’un liquide satur^ d’acide 
carbonique et renfermant dans ce volume 4 cc d’alcool a 96% et 4 ce 
de pyridine dilute (1 ; 10). Le precipite est desseche a 120<^ (2- 3 
heures suffisent completement) jusqu'a poids constant (PblPhCO.^^= 
0*2754), ou bien transforme en oxyde par calcination, dans un creuset 
en porcelaine protecteur, dans la flamme d’un bruleur a gaz ordinaire 
(P5/P60- 0*9283). 

Le filtrat (s’agit-il de faibles quantites d’argent, on le con(;entre 
par evaporation) est d’abord neutralise, en presence d’orang^ methyle, 
par de I’acide azotique (1:3) jusqu’a faible reaction acide (4 — 5 cc 
suffisent pour 15 cc de pyridine 1 : 10). 11 est ensuite porte k Tebulli- 
tion, precipite par de Facide ehlorhydrique, apres quoi on proc^jde 
de la inaniere habituellc dans le dosage de Fargent. 

Imtitut de Chirnie mialytique 
a r£cole Polytechnique tchkque de Brno 
( Tchecoslovaquie ) . 


Notes : 

JuHqu'^i present, les composes insolubles suivants ont (^te utilis6s; avet* 
addition d’alcool: PbClg, PbSO^ ot P 6 (/ 03 )g ; PbCrO^, molybdate, PhC^O^. 
Ph^(PO ^)^ , PbCO ^ , PbOHCNS, PbO^ par voie chimique et par voie electrolyti- 
qiie, PbSf Pb, Parmi ces corps le PbS et le P60a pr6sehtent la moindre solu- 
bility dans Feau. 

•) Bip» chim. appl. 4 (1862), 21. 

*) A. Rudisiile; NachweAs, Bestifmnung und Trennung der chem, Elementv. 
Bd. III., p. 448. Glowes et Goleman: Quantitative Analysis 11 Ed. p. 91. 
H. Wdlbling: Lehrbuch der analyiischen Ghemie p. 293. 

*) A 19*9® C 100 gr d'oau dissolvent d’apres divers auteurs: 1*1 1.10“"*, 
1*68 . 10“***, 1*75 . 10—* gr PbCO^; P^pbcot ~ 13*48, done - 6*74. 

®) B% 8n, Sb, Fe*\ Al, Be, Cr'\ XJO^\ Th, Zr; k la separation du 

Pe*** d’avec la pyridine a 6t6 employee par J. A. Sanchez: Bull. Soc. 

Chim. (4), 9, 880--881, 20/9—5/10. 

•) Z, anal. Chem. 72 (1927), p. 207, voir aussi Fanalogie chez Mu, Zn, 
Ni, Co, Cu, Cd. 

’) Z. anal. Chem. 70 (1927), 448. 

») Z. anal. Chem. 67 (1926/26), 277. 
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•) Z. anal. Ghent. 67 (1925/26). 278. 

^®) Exempt de bismuth. 

La solubility dti sulfure de plomb dans Teau est plus faible que celle 
du carbonate, 100 gr d’eau k la tempyrature ordinaire dissolvent 8*6 . 10~* gr 
de PbSf de sorte quo pour le sulfure = 14*6 centre pp^ ==: 6*74 pour le 
carbonate. 

“) Fond k 879®. 

^LAgtCOu “ centre Pqq^*^ - 6*74 pour le carbo- 

nate de plomb en solution aqueuse saturoc. 

26 cc renferment done 98*7 rngr d’argent. 

^®) D6}k pour 80 cc de liquide de lavage. 

^•) 16 cc. 

Lorsquo I’acidity est trop forte, on yvapore rcxc^s d'acide azotique. 



SOME REMARKS ON ‘‘A SIMPLE METHOD FOR THE SPECTRO- 
SCOPICAL CHARACTERIZATION OP ORGANIC DYESTUFFS AND 
OTHER COLOURED SUBSTANCES’^ 

by JAROSLAV FORMANEK. 

Under the above heading Dr. Chloupek published in this JournaK 
1933, page 218 a method or methods which he recommends to be used 
for the spectroscopical analysis of organic dyestuffs and other coloured 
substances. Due to the fact that Dr. Chloupek considers the suggested 
method to be — especially with regards to its practical value — superior 
to my own method used in the spectroscopical analysis of organic 
dyestuffs and various coloured substances, and furthermore because 
the method he recommends is known for a considerable period of 
time, I consider it proper and to be entitled to it, to say a few words 
about the above paper. 

Dr. Chloupek states that my “Untersuchung und Nachweis orga- 
nischer Parbstoffe auf spektroskopischem Wege'’ is an ancient j)ubli- 
cation printed in 1908 and 1912. A more careful study might have 
shown that in 1 925 and 1 927 further volumes of it have been published 
and that in the fourth part of my work the publication of the final part 
and of supplements has been promised. 

According to Dr. Chloupek, my method doe^ not seem to have 
gained very many followers probably because of the extensive personal 
experience needed for the correct interpretation of the results. 
Dr. Chloupek has so far demonstrated no exj)erience in the spectro- 
scopical analysis of organic dyestuffs, is not sufficiently acquainted 
with the spectroscopical analysis of dyestuffs, and cannot therefore 
give any expert opinion on somebody else’s method for the determi- 
nation of dyestuffs. This lack of knowledge of course explains w^hy 
Dr. Chloupek has no idea of the value of my method as proved in 
the technical practis and has no knowledge of the reports published. 

In my method no extensive personal experience is a condition sine 
qua non! Anybody who has a good eyesight and a talent for spektro- 
scopical work learns the determination of dyestuffs by means of the 



412 


same easily and quickly. Not even an extraordinary accuracy of mea- 
surements is essential as, thanks to the smaller groups into which 
my system divides all the dyestuffs, the dyestuffs in question are 
found without difficulties. 

While recommending a method for the determination of organic 
dyestuffs Dr. Chloupek uses as his chief and only argument the 
discrepancies in the determination of the maxima of the absorption 
bands of potassium permanganate as performed and published by 
various authors/) but he fails to add, that most of these authors pos- 
sessed unsuitable spectroscopes or obsolete spectrographs, which caused 
the discrepancies. On the other hand it is quite surprising that Dr. 
(-hloupek does not report a single case which could prove the existing 
accuracy of tlie measurements of such maxima. Numerous dyestuffs 
})Ossessing narrower bands in their absorption spectra may be measured, 
as shown in my work, with the accuracy of 2 to 5 Angstrom, this being 
entirely sufficient for their determination and characterization, espe- 
cially in the combination witli the use of simjfie reagents 1 introduced 
and while working by means of a grating spectroscope and suitable 
eyepiece. 

The method Dr, Chloupek proposes, and which he claims to 1)6 his 
own method, is known in various variations, in variations which have 
been worked out in a distinctly superior way for some seventy years. 

Let us consider Dr. Chloupek’s technique. 

In order to obtain the course of the absorption curve Dr. Chloupek 
places in front of the slit the absorbing solution in the form of a prism. 
By means of the spectroscope he studies the absorbing solution ar- 
ranged in an evenly increasing thickness, while into the solution contain- 
ing a square absorption cell a rectangular glass prism is being placed. 
This method is nothing else but that one of Angstrom of 1854*) and 
of Glads ton of 1857,^) which authors placed the absorbing solution 
directly into a prismatic cell. 

In his method Dr. Chloupek corrects the broken path of light 
before the slit by means of an “according inclination’’ of the light 
source. Gibbs in 1870^) corrects this error by means of a second pris- 
matic cell of equal dimensions as the first one which, being filled with 
the solvent in question is placed in opposite position to the first cell. 
Such an arrangement must be considered of course theoretically more 
correct and superior as well as more feasible. 

The same arrangement has been used by Melde®) in 1883. Kay ser*) 
in 1905 writes: “F. Melde macht noch zwei andere uT^brcmchbare Vor- 



schlage: Man solle in ein GefaB die konzentrierte LOsung gieBen, dar- 
iiber vorsichtig das LOsungsmittel ; dann bilde sich durch Diffusion 
eine Schicht, in welcher von unten nach oben die Konzentration ab- 
nimmt. Dieser Vorschlag ist unbrauchbar weil man die Konzentration 
in verschiedener Hohe nicht kennt!” 

The absorption curve resulting in Dr. t'hlou])ek‘s method (first 
method) may be substantially influenced by means of an accidental 
shaking of the cell, which shaking will mix or change the layers and 
concentrations; the same change may bo caused by an accidental and 
irregular warming of the cell or of the liquid. It is furthermore to be 
suspected that such a development of the diffusion, which may allow 
the measuring, involves a considerable period of time. 

The problem, whether the diffusion creates an absorption curve of 
a correct form remains an open question. It is to be suspected however 
that — especially in cases when the analyzed dyestuff contains a small 
admixture of another dyestuff and in cases of dyestuff mixtures ~ - 
an iiregular. false absorption curve will be obtained due to the varjdng 
diffusion-velocity of various dyestuffs. 

The same complication must be expected when Dr. t'hlou pek makes 
a permanent sample for comparison out of a strip of an undeveloped 
photographic plate freed from silver salts. This method furthermore 
involves considerable work, may stir up the layers of the analyzed 
solution, to say nothing about the changes in the concentration of the 
single dyestuffs forming the mixture analyzed in the permanent stri]> 
after — 1 hour of washing of the plate. 

Dr. Chlou pek brings nothing new. His utilization of principles whkdi 
«are known to a serious scientific worker in s|)ectro8copy for scores of 
years shows no improvement whatever. He does not say a word about 
a single one of his own measurements, he does not show a single picture 
of the (surves determined by his method, both absolutely essential in 
the consideration of the value of his method, which he presents in 
a surprisingly vague manner. 

Should Dr. Chloupek's method be of any value for the technical 
practice and find any follow^ers, an atlas of absorption (extinction) 
curves of several thousands of dyestuffs and of their mixtures would 
have to be on hand. Nevertheless I presume that it w ould be quite 
impossible to find the curve of the analyzed dyestuff between those 
thousands of curves, to say nothing about the identification of dyestuff- 
mixtures; while on the other hand all such identifications are easily 
achieved using my own method. 
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Similar and better methods than that one of Dr. Chloupek have 
been suggested from time to time. They all disappeared because their 
authors published only a small number of actual measurements and 
because the methods were slow and laborious. Some of those methods 
(for example the spectrodensometric method) were theoretically correct, 
but because of the lack of an atlas they were totally useless for tech- 
nical practice. 

My own method found a broad use because I worked out and pub- 
lished so far the spectroscopic data of over 5000 dyestuffs and because 
1 am working out supplements covering such dyestuffs w^hich have 
been introduced on the market since the publication of the previous 
volumes. 

Received October 26th, 1933, 

The Institute of Chemical Engineering 
of the Agricultural and Forestry Department, 
The Czech Institute of Technology, Prague 
(Vysoki Uceni technickd). 
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COMMENTS UPON THE THIRD LAW OF THERMODYNAMICS 


by V. NJEGOVAN. 

The increase of ''heat content” of a gas heated under constant 
pressure from absolute zero to a temperature T is given by the ex> 
pression 

T 

(%T + \c'„dT 

(> 

where Op rej)resents that part of the heat capacity which is dependent 
on temperature. 

Tt can be inquired first, what may be the actual physical meaning 
of the quantity 

Q =^TdCp 

o 

As is known, the heat capacity of a gas is changing, when it is 
heated, translational, rotary and oscillatory motions, dissociation, nu- 
clear and electron spin, ionization, and probably also other phenomena 
being the inner causes of this change. Provisionally the hypothetical 
degeneration of the gas in the neighbourhood of absolute zero will be 
left out of consideration. 

All these phenomena occurring in the gas when it is heated, have 
this feature in common, that occasionally forces become important 
which externally did not appear to be operating before. 

Thus hydrogen behaves at very low temperatures as a monatomic 
gas. With increasing translatory motion which, according to definition, 
has its origin only in the heat supplied from outside, the particles clearly 
come occasionally so near to each other, that the forces of attraction 
can come into play, the behaviour of a typically diatomic gas making 
its appearance. These attraction forces between the atoms are gene- 
rally also the natural causes of rotation, vibration and dissociation. 


29 
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Similar forces acting in the interior of the atom itself cause the nuclear 
and the electron spin, as well as the ionization. The attraction forces 
between the molecules come into being only with real gases, whereby 
still further changes of the heat capacity are brought about. However, 
provisionally only ideal gases will be considered here. 

Tt must be noted that all these inner forces are causing no tempe- 
rature increase, but only a change of the heat capacity. Their appear- 
ance is made possible just through giving them the opportunity of doing 

T 

work. Wheras thus the integral is representing the energy 

o c; 

supplied from outside, the expression ^TdCp indicates evidently 


o 

that part of the internal energy, which did not manifest itself before 
towards surroundings, and which now presents itself as latent heat. 
A certain part* of the inactive internal energy was transformed into an 
active form having the character of a latent heat. The internal energy 
has thus changed qualitatively, but not quantitatively. 

9 , 

We shall denote the quantity ^ TdCp as the internal effect. 


o 

Similar reasoning can be applied also to solids, though here the inner 
conditions are, of course, even much more complicated. However, the 
course of the curve is simpler for our further considerations. It is thus 
our intention to treat first solids and then gases. The liquid state will 
bo provisionally left out of consideration entirely, because here the 
course of Ci in the neighbourhood of absolute zero is unknown, and 
thus it remains uncertain to what extent the third law is valid also 
here. 

When grey tin is heated from absolute zero to the transition tempe- 
rature Tu == 291® abs., the heat content is 

T- 

Q„r^\c^dT, ( 1 > 

' 0 

the internal effect being 

Qrr-^\TdCfr. 

o 
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The total increase of the active energy of the body is therefore 

u 

Opr — Qgr + Qifr ~~ ^ ^gr AT + ^ T Cf Cg-r • 


Quite similarly we have for white tin the heat content 

Q^=^\c„.dT, 

O 

whereas the total increase of the active energy is 

T r* 

^ V u 

Om' ~ Qw + Qw ^ ^ Ouid 7^ + ^ T cf . 


( 2 ) 


(3) 


(^) 


This conception must be applied consistently also to Kirchhoff’s 
Jaw. Instead of writing 


L=^L„ + \c,„dT—^C^dT, 

where Lo is the heat of transition at the absolute zero point, 
one must thus express the law in the following more extended form: 

T T c 

i! = io + \Cu,dT~-\^ C^dT 4- \ TdC^ — \^ TdC^rr - -L + L\ 

The heating of the grey tin from absolute zero up to the transition 
temperature and the further heat supply, till the transition is complet- 
ed, will be described by the usual equation 

rp T T T 

Qv,,u=\CgrdT +^C„dT—\^CgrdT J^C^dT. 

O 0 0 0 

In this instance Lo — 0, according to Ner list’s theorem. 

2 »* 
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According to our conception, however, the increase of the active 
energy is 


T 


^,Zr.u 


^ cvd T+ \ TdCgr + \ cvd r — \ Curd t+ ^ 




gr 

O O 

T^. 


’Wt u 

TdC^ 


^Hr,U 


\^TdCt,r^\c,rdT + \TdC^. 


(4') 


Passing now on to the entropy it follows from the equations (1) 
and (3) 

T 

u 

dT 


S - -- - 

OfU- — ^ ^'f/T y 

O 


. ,, 1’" dT , L i‘“ dT 

and S„. - ^ C„,. ^ • 


Using, however, our equations (2) and (4) obtain 

T r* 

Qor^\Cur-^- f ,Jr\rdC^, 
o o 


(5) 


m C T r* 

^^\TdC^ . (6) 

o o o o 


One could object here that the additional terms 
c r* 

^g‘r, u ,fy,u 

^^^TdC,r and ^^TdC^, 

o o 

should (analogously to the entropy in the narrower sense), be divided by 
T before integration. However, we must not forget that they have the 
character of a latent heat which does not cause any temperature 
increase. This conception may be perhaps not entirely plausible at 
first sight. However, when the expressions are integrated after having 
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been divided by jT, we obtain for them values of Cgr and which 
leads to a mathematical absurdity, as one can demonstrate easily.^) 

At this point also the relations 

1 1 • 

rp\OurdT 

O O 

\,\TdC„ = r;„,- 

O o 

must be recalled to mind. 


We shall now apply these considerations to Helmholtz’s equation 
for the free energy (maximum work) and write: 




T 

: i! 


T 


L 


dT^-T\-f^ dT 


T 

,r L 

fi 
o 


dT 


^W,U 


^gr,u 


T T 

- - ^ (i \ d T + TdC„, - ^ TdCgr . 

O O O O 

In integrating the second expression (with L') we must treat L' as 
a constant for the above mentioned reasons. 


1 r 

If wo should have in the equations (5) and (6) instead of C^, 


and instead 


of it would follow therefrom 

o 




c, 
1 f 


7* j ^ 


TdC^ 




gr 

TdC, 




because there we have 


{c ~{c 

J ^ ~ T ”"*1 ^ fp rp 


Herewith are corrected the present author’s reflections in the Arh. Hemiju 
iFarmaoiju 1932, 164. Comp, also Elektrochem, 1925, 31, 691 and J. Chim, 

phya, 1928, 25, 66. 
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From the known measurements of Lange it is calculated, that the 
difference 


^TdC^-\ 




TdCgr^ {G,,— Ggr) Tu- 




- Ggr) d T 10 cal. 


has nearly the small value which had to be accounted for in order that 
the theorem of Nernst might be fulfilled exactly.®) 

All these considerations can be applied also to gases. We shall 
consider here the case of sublimation of a solid, in order to evade the 
liquid state. 

The heat content of the gas at the temperature of sublimation be 
described, as usual, by the following equation: 

n Ts Ts 

QBas^\G»dT + Lo+ ai,T + \GpdT — \G,dT -= 



O 


Here Cp is again that part of the heat capacity of the gas which is 
dependent on temperature, and Gs the heat capacity of the solid state 
as a function of temperature. 


The corresponding entropy equation is 






or also 




8oas=-~ (fflnT + ^G'j,-^ — Rlnp -[■ Si,. 


•) A. Eucken: Lehrbudi der chemiachen Physik, Leipzig 1930, p. 169; 
phyaikaL Chem» 1924, 110, 343. 
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The total increase of the active energy is in this instance 

r. c,., T, 

£l^„^\c,dT + Lo + (fr,T + \a^dT ^ 


7s,s 

\G,dT-\- \^TdCp — ^TdCs 


rp#* 


= (f„T + \c'^dT -\-\ TdCp + Lo . 


be 


The corresponding increase of entropy in oiir extended sense would 


dT . 11* 


a ^ TdC, + A 4- (fp + I \ O'pdT ■ 






^StS 


i \ (7. d T + TdCp- TdC. = 


= 8,0, + TdCp 
o 


C%lnT, + \c„^ — Rlnp + 




T^TdCp 
o 




T, + \c'^^ —Rlnp + . (7) 


From the equations (5), (6) and (7) it follows that, according to this 
conception, a comparatively small additional term has to be added to 
the entropy. When an allotropic or a polymorphic modification is 
transformed into another one, the term corresponding to the disappeared 
form is always compensated, it remains thus always behind with gases. 
However, because it vanishes at low, as well as at “ordinary’’ tempera- 
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tures, it will have scarcely any perceptible influence on the magni- 
tude of the entropy at 298* P abs. Only at high temperatures will 
this additional entropy term acquire a value worth consideration. 

Applying now our considerations to the Clapeyron -Clausius' 
vapour pressure formula we obtain 

T T 

log P = 2-3T 

0 o 

"" 2-^ \ ^ 

o o 

and putting 

~ + ^Rf)i -—</» + *». 

O O 

evidently 

i — io “f" is 

is that quantity which is determined empirically and which A . E u c k e n ® ) 
designates, as is known, the “vapour pressure constant*’ (/p), to 
distinguish it from the “chemical constant” (jk)- 

However, because ip usually vanishes at the sublimation tempera- 
ture, the quantity io + is is actually determined as the “vapour 
pressure constant” t. In passing on to the affinity equation the expres- 
sions referring to the solid state are cancelled, thus also i, , and we have 
for a homogeneous gas reaction 

I'nii, — ip ) 4 — Snip = 3 . ( 8 ) 

Because, however, ip for individual gases, as well as Snip for the 
whole gas reaction, even at high temperatures, is still comparatively 
small, practically 

A -- /o = , ( 8 ) 

whereby io can signify nothing else but the statistically calculated “che- 
mical constant” in the above mentioned terminology of Eucken (jk). 
The value of Snip occurs in the equation (8) as a small correction. 
Thus, for the instance of water formation, it is calculated from the 

») 1. c., p. 286. 
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equations for Cp set up by G. N. Lewis and M. Randal], that for 
1400® abs. Snip — — 0'13, due regard being paid also to the de- 
crease of Cp of hydrogen at very low temperatures. 

Through the falling off of the term i, in passing from the vapour 
pressure equation to the affinity equation, those discrepancies are ex- 
plained, to which attention first had been called by A. Eucken. 

From all this it is evident that besides thermodynamics in the 
narrower sense (external thermodynamics) we have to distinguish also 
an internal thermodynamics. 


Summary. 


In heating a body from absolute zero to a higher temperature we 
have to distinguish besides, in addition to the heat content, also an 

C 

“internal’' effect of the form ^ TdC. As this energy quantity has the 


o 

character of a latent heat, its entropy is given by the expression 



This conception applied to the (’lapeyron-Glausius 


o 

vapour pressure equation and to Helmholtz’s equation for free 
energy explains some apparent deviations from the third law of 
thermodynamics. 


The Technical Facvlty of the University, Zagreb 
(Jugoslavia), January i**, 1933. 


Received, February 2iF^, 1933. 



AN ATTEMPT TO EXPRESS THE CHEMICAL CONSTANT 
THERMODYNAMICALLY 


by V. NJEGOVAN. 


At present we have not yet any thermodynamic expression for the 
chemical constant, and thus also for the indeterminate thermodynamic 
constant of the free energy. 

The conception of an internal effect^) advanced by the present 
author leads to the idea that the chemical constant may be reduced 
also to this effect. 

Writing the extended Clapeyron-Clausius vapour pressure for- 
mula for the sublimation in the expanded form and putting 


we obtain 


»>logP' (1) 

T 

log V = y^dT=~ f + / log T— 


T 


T 


T 




C’ 




It is assumed that the gas remains ideal down to the lowest temper- 
atures and that no degeneration of the gas takes place. The degenera- 
tion is besides only hypothetical under the supposition that Nernst’s 
theorem is valid also for gases. Under this assumption the above 
equation is reduced for 1® abs. to 

I 

log?, = -2;sj;g +logrt 

Collection 1933, J, 415. 


( 2 ) 
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a.nd it is seen, that this expression represents actually the integra- 
tion constant of the vapour pressure equation, whereas po is the 
vapour pressure at 1® abs. With increasing temperature also the term 
log po increases, which at the sublimation point at 1 atm. and 
temperature attains the maximum value 

logp,. 

In the extended expression for the so called entropy constant of 
ideal gases we should have 

s„=2,3i?i„ + c; + i^Tiic^. (3) 

b 


Now putting in the above value for io we obtain 


5 

= 2,3J? logp, + (T + 

O 

Passing on to the energy equation 

^Pf s 

0„=3,3i?T, logp, + rc; + ^ TdC^ 

o 

or after differentiation at constant temperature 

dQ ^2,3RT^d logp, + T, dC^ ^ = vdp + T, dC^ , 

whereby the expression vdp' represents, according to definition, the 
increase of free energy (apparently at the expense of the inactive 
internal energy). 

After integration and passing on to the entropy equation, we obtain 




1 

fs 


p\s 


\vdp' 


+ 


C’p.s 


l\Tdc^ + c;. 


Cp would be thus the increase of entropy by sublimation at P abs. 
to be reckoned on the account of the inactive internal energy. 

From the equation (1), (2) and (3) it follows 




426 


P's 



O 


The sublimation takes place when the va|)our pressure (p) has 
attained the value of the atmospheric pressure. Accordingly p' will 
reach its maximum value at the sublimation point. This value (pi) 
is retained also at higher temperatures as long as no dissociation has 
occurred. In case of dissociation the molecules change quantitatively 
as well as qualitatively. Besides the number of molecules also the total 
pressure p changes relatively, the partial pressure p', and thus the 
‘‘chemical constant” i„ — log pi changing also. 

Now, what is valid for the chemical constant, must, of course, be 
valid also for the thermodynamic constant /<, , and we have 

P's 

b 

For this conception we have apparently as yet no experimental 
verification. 

Received, April 29th, 1933. 

The Technical Facidly of the University, 
Zagref), Jugoslavia, March Slst, 1933. 



POLAROORAPHIC STUDIES WITH THE DROPPING MERCURY 
KATHODE. ~ PART XXXIV. — THE SUPPRESSIVE EFFECT OF 
CERTAIN ALKALOIDS ON THE MAXIMUM OF CURRENT DUE 
TO ELECTROREDUCTION OF OXYGEN 

by KIJI HAMAMOTO. 

It is a known fact, that with the dropping mercury kathode, the 
<!urrent. voltage curve due to the atmospheric oxygen dissolved in dilute 
electrolyte solutions (0-(K)12 gr equivalent under the normal pressure 
of air at room temperature) shows a prominent maximum. 

A suppressive effect on the maximum due to some adsorptive sub- 
stance present in the dilute electrolyte solution has been thoroughly 
investigated by many authors. 

For example, E. Varasova^) studied the effect of inorganic com- 
pounds and soap, J. Rasch^), that of fatty acids, and B. Gosman and 
J. Heyrovsky^), those of petroleum oil and naphtha. Recent work 
of B. Rayman^) dealt with organic dyes. 

The present author has studied the effect of certain alkaloids on 
the maximum of (uirrent voltage curves due to the ele(jtro-reduction 
of atmospheric oxygen by the same method as was applied by 
B. Ra;!^man. 

B. Ragman took as characteristic that molar dilution of an organic 
dyestuff, in which the maximum of the current voltage curve due 
to the electro-reduction of atmospheric oxygen in 10“^ n. K(^l was 
suppressed by one half. This he regarded as expressing the adsorbabilitv 
of the dye, denoting the adsorbability of organic substances in 
10^ litres per one mol. 

Like B. Ragman, the present author takes as a measure of degree 
of adsorption of a substance that molar dilution of the substance dis- 
solved in 1 X 10 n. KVl solution which is sufficient to reduce the 
maximum of oxygen to the half of its original height. The value ex- 
pressed by n X 10* litres per 1 mol was taken as an electro-chemical 
adsorbability coefficient. 
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Experiments. 

The measurements were carried out with a polarograph and with the 
dropping mercury kathode. The temperature at which all experiments 
were carried out was 20® ± 1® 0. The solvent for the examined alka- 
loids was a 1 X 10-® n. solution of potassium chloride from E. Merck. 
The pH value of this KCl solution was 6‘07 (^' 6-0). The dropping time 
of the mercury kathode was 2*5 secs, per drop at 0 volt. The galvano- 
meter was Yanagimoto’s moving-coil mirror galvanometer with a sen- 
sitivity of 1 X amp. per cmjm and a half period of swing of 2 secs. 
The sensitivity of the galvanometer was reduced by a shunt so as to 
give a maximum of 13 x 10^ amp. with a pure 10~* n. KCl solution. 

I. Morphine hydrochloride. 

A 10~^ molar solution of morphine hydrochloride dissolved in 
KCl was diluted with the IQr^ n. KCl solution as shown in the following 
Table I. 


Table 1. 

The relation between the maximum of current and the concentration 
of morphine hydrochloride. 


No 


Composition of the solutions 

Final con- 
10“® n. centration 
solution ^ of morphine 
of KCl hydroohloride 


le—* molar 
solution of 
morphine 
hydrochlo 


logC 


Height of the 
maximum 
of oxygen 


log (I — V) 



ride taken 

aoueu i. 

( X 1 0 - * molar) 


amp.) 


1. 

0-0 cc 

15 0 CCS 0 00 

— 

13-0* 

— 

2, 

0-5 

14-5 

3-33 

0-52244 

12-8 

0-00673 

3. 

]•() 

14 0 

6-67 

i -82413 

10-2 

0-10634 

4. 

1-5 

13*5 

1000 

1-00000 

8-5 

0-18462 

5. 

1-75 

13-25 

11-64 

1-06695 

7-0 

0-26884 

6. 

20 

13-0 

13-32 

1-12450 

5-7 

0-36807 

7. 

2-5 

12-5 

16-65 

1-22141 

5-5 

0-37368 

8. 

30 

12-0 

20-00 

1-30103 

4-6 

0-46118 

9. 

40 

11-0 

26-62 

1-42521 

3-2 

0-60879 

10. 

50 

10-0 

33-33 

1-52244 

3-1 

0-62258 

11. 

60 

9-0 

40-0 

1-60206 

2-4 

0-73373 

12. 

7-0 

8-0 

46-6 

1-66839 

2-6 

0-69897 

13. 

100 

5-0 

66-6 

1-82347 

2 3 

0-76221 


*) Z«13 0. 
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The pH value of each solution was measured potentiometrically 
with the hydrogen electrode. The results of the experiments are as 
follows: the pH value of a 3*33x10— « molar solution of morphine 
hydrochloride was 6*03, that of a 33*3 xlO-® molar solution was 6*10. 

These results tell us that we may neglect the effect of the pH value 
in these adsorption phenomena, because the pH value of a KCl solu- 
tion, which was found to be 6*07, was not appreciably changed by 
the addition of a small quantity of morphine hydrochloride. A series 
of many solutions with different concentrations of morphine hydro- 
chloride was polarographed, the current voltage curves showing that 
the suppressive action on the maximum of oxygen increases gradually 
with the addition of morphine hydrochloride. Fig. 1 represents one of 
the polarograms obtained. 



Fig. 1. 

The present author assumed with Prof. Heyrovsk^ and his school 
that the suppressive action on the maximum is due to the adsorption 
of morphine on the mercury surface. 

Moreover, the present author assumes that if the adsorption of 
morphine on the dropping mercury reaches equilibrium during the 
dropping time in spite of the increasing and renewing of the mercury 
surface, the suppressive action (in other words the adsorbability of 
morphine on the polarized mercury surface) should be a direct measure 
of the adsorption. Thus this suppressive effect which can be expressed 
by the difference of height of the maximum without morphine hydro- 
chloride and that with morphine hydrochloride 

(/ — 1) {I being the height of the maximum) 

should be directly proportional to that part of the surface of mercury 
which is occupied by the morphine hydrochloride; assuming a mono- 
molecular layer of adsorbed molecules, the latter area is directly pro- 
portional to the adsorbed morphine hydrochloride. If it be so, we may 
apply Preundlich's isothermal adsorption formula. 

1 

— 


( 1 ) 
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Or expressed in logarithms 

log (/—/')= log a + ^logC (2) 

tv 

In Fig. 2 log (/ — I/) is taken as ordinate and log C as abscissa. 
This result shows that the relation between log {I — V) and log C is 
a linear one. 

Thus the assumption suggested by the present author is in accord 
with Freundlich’s adsorption formula. . 

The slope of the straight line in Fig. 2, can be read from the graph 

and thus allows us to calculate — from tan 

n 

That is 

tan ??=- - = 0-733 n =-- 1-37. 

71 


. .t., .. ..-15 — 

OS 1.0 7,5 1,0 


Fig. 2. ' 

In Fig. 2 let A be the point of intersection of the straight line 
with the Y axis, then 

AO log a. 

Therefore, 

log (/ — /') -v40 + tan log C (3). 

In the present experiment, the concentration at which the maxi- 
mum was suppressed 'to its half, that is, 

6-5 X 1()-^ amp,, 

is graphically found to be 12‘63 x I0~"®. 
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The reciprocal of this value, that is, 7*92 x 10^ is an 

^ a 

electrochemical adsorbability coefficient. Thus the electro-chemical 
adsorbability coefficient characterising morphine hydrochloride is found 
to be 7-92 (in 10^ liters).*) 


*) Note of the editor. If the formation of a monomolecular layer adsorbed 
aromid the mercury drop is assximed, it seems plausible to express the adsorption 
in terms of Langmuir’s isotherm, which has been recently successfully 
applied by P. Herasymenko and I. Slendyk to processes at the dropping 
mercury kathode. (Comp. Zeit. f. physik. Chem. [19301, A. 149, p. 123). 

According to this point of view the numt)cr of oxygen molofjulos, n, adsorbed 
at a unit area is given by 

Z.o^,C 
If ,0 . (J 


when^ Z is the total number of places for molecules available in the surface 
layc^r, C the bulk concentration of oxygen and (o the adsorption coefficient 
characterising the force which holds the particle in the interface. 

Tf a new substance, e. g. an alkaloid bo addend, the number of places available 
in the surface layer is partly occupied by the alkaloid molecules so that the 
spaces available foi* oxygen become now 

Zj^ io . C 

" 1+ (J.O+oV'X’' ’ 


where v/ and C' express the adsor|)tion cocfficirnit and the cone(*jitration of 
the alkaloid. 

Now the maximal current, which is etjual to th<^ rate of adsorption of oxygen, 
can bo taken as pioportional to the number of molecules, n, which would be 
adsorbed at the final equilibrium of adsorption. Thus the maximal current. 




Z,jo,C 

r"{ e).(7 ’ 


The maximum is, however, lowered by the adsorption of a certain number 
of molecules of the alkaloid which occupy some places of the interface, depressing 
the* maximum to a lower value, V, which has to be proportional to n\ or 


V^K, 


Z,w,C 


1 -f- ft ) . C 4" • C" 


In the case of a 50®/o suppression of the maximum we have 

I ^ 1 ■}“ ioC -f- ixf* C* Jc fo'O* - it/ G* 

V Tf oTc "" k 

from which 

^ Va • 


i. e. the physical meaning of the diltUion at whi>ch a 50% suppression of the maxi- 
tmim is effected is a quantity proportional to the adsorption coefficient in 
Langmuir'* 8 adsorption isotherm. Heyrovah^* 
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II. Atropine sulphate. 

A similar experiment was carried out with atropine sulphate. The 
experimental results obtained with atropine sulphate are shown in 
Table II. 

Table II. 

The relation between the maximum of current and the concentra- 
tion of atropine sulphate. 


Composition of tho solution 


No 

10—* molar so- 
lution of atro- 
pine sulphate 
taken 

10-» n. 
solution of 
KCl added 

Final 

concentration 
of atropine 
sulphate 

C 

{ X 10—® molar) 

Height of the 
maximum 
of oxygen 

1 (in 10“® amp. 

1. 

0*0 cc 

15*0 cc^ 

0*00 

13*0* 

2. 

0*25 

14*75 

1*67 

11*9 

3. 

0*4 

14*6 

2*67 

8*0 

4. 

0*5 

14*5 

3*33 

6*7 

5. 

0*6 

14*4 

4*00 

6*6 

6 . 

1*0 

14*0 

6*66 

5*25 

7. 

1*5 

13*5 

10*00 

3*2 

8. 

2*0 

13*0 

13*33 

2*0 

9, 

5*0 

10*0 

33*33 



The electro-chemical adsorbability coefficient of atropine sulphate 
calculated from Table II is 23*98. 

111. Papaverine hydrochloride. 

The experimental results of this alkaloid are shown in Table III. 


Table III. 


The relation between the maximum of current and the concentration 


of papaverine hydrochloride. 

Composition of the solutions 
10— < molar 


solution of 
papaverine 
hydrochloride 
taken 

0-0 cc 
0*5 


10—3 

solution of 
KCl added 


15*0 CCS 
14*5 


Final 

concentration 
of papaverine 
hydrochloride 
G 

( X 10~* molar) 


Height of tho 
maximum of 
oxygen 

I (in 10-^ amp.) 


•) Z-13 0, 
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Composition of the solutions 


No 

10—^ molar 
solution of 
papaverine 
hydrochloride 
taken 

10 n. 
solution of 
KCl added 

r inai 

concentration 
of papaverine 
hydrochloride 

C 

( X 10—® molar) 

Height of the 
maximum of 
oxygen 

1 (in 10- ® arnp.) 

3. 

0-9 cc 

14-1 CCS 

6-00 

6-5 

4. 

1-0 

14-0 

6-66 

6-2 

5. 

1-5 

13-5 

10-00 

3-6 

6. 

2-0 

13-0 

13-33 

2-3 

7. 

3-0 

12-0 

20-00 

0-8 


The electro -chemical adsorbability coefficient of papaverine hydro 
chloride is 16-67. 


IV. Quinine hydrochloride. 

Similar experiments were carried out with this alkaloid and the 
results are shown in Table IV. 

Table IV. 

The relation between the maximum of (mrreut and the concentration 
of (piinine hydrochloride. 


(Composition of the solutions 


No 

10—4 niolar 
solution of 
quinine 
hydrochloride 
taken 

lO ® n. 
sohition 
of KCl 
added 

Final 

concentration 
of quinine 
hydrochloride 

C 

( X 10~® molar) 

Height of the 
maximum of 
oxygen 

1 (in 10 amp.) 

1. 

0-0 CO 

15-0 

0-00 

13-0* 

2. 

0-5 

14-5 

3-33 

10-7 

3. 

0-75 

14-25 

5-00 

8-25 

4. 

1-0 

14-0 

6-66 

6-9 

5. 

1-1 

13-9 

7*33 

6-0 

6. 

1-25 

13-75 

8-33 

5-5 

7. 

1-5 

13-5 

10-00 

4-3 


The graphically determined adsorbability coefficient of quinine 
hydrochloride is 16-98. 

V. Strychnine nitrate. 

In a similar manner, the experimental results with this alkaloid are 
shown in Table V, 

♦)i== 13-0. 


30 * 



4Si 


Table V. 

The relation between the maximum of current and the concentration 
of strychnine nitrate* 

Composition of the solutions. 


No 

10—* molar 
solution of 
strychnine 
nitrate 
taken 

10-» n, 
solution 
oiKCl 
added 

Fiaal 

concentration 
of strychnine 
nitrate 

G 

( X 10—* molar) 

Height of the 
maximum of 
oxygen 

1 (in 10^ amp.) 

1. 

0*0 CC 

15*0 CCS 

000 

13*0* 

2. 

0*5 

14*5 

3-33 

10*6 

3. 

0*76 

14*25 

500 

7*4 

4. 

1*0 

14*0 

6-66 

6*1 

5. 

1*26 

13*75 

8-33 

4*6 

6. 

1*5 

13*5 

10- 00 

4*4 

7. 

2*0 

. 13*0 

13-33 

3*3 


The graphically determined adsorbability coefficient of this alkaloid 
is 1304. 

Conclusion. 

It is a well known fact tliat the surface activity of alkaloids is much 
affected by change of the pH value of the solution, i. e, the free alkaloid 
and alkaloid ion have different surface activities. However, as in the 
present investigations the experiments were carried out with very dilute 
solutions of alkaloid salts — e. g. morphine hydrochloride 10"® molar — 
where the presence of alkaloid salts did not appreciably change the pH 
value of the electrolyte solution, we may neglect the change of pH, 
(Comparing the results obtained with those from organic dyestuffs by 
B. Ragman, the author ascertained that the adsorbability coefficients 
of both the organic dyestuffs and of the alkaloids investigated are appro- 
ximately of the same order of magnitude. In other words, the alkaloids 
have from 10® to 10® times greater adsorbability coefficients than the 
lower fatty acids investigated by J. Rasch. 

From the applicability of Freundlich’s isothermal adsorption for- 
mula to the suppressive effect of alkaloids on the maximum of the 
current-voltage curve due to the reduction of oxygen, we may conclude 
that the adsorption approaches the equilibrium state in a relatively 
short time, that is, in the dropping time of the mercury drop which 
is about 3 seconds. 


♦) Z-=13*0. 
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Further, the suppressive effect of alkaloids on the maximum of the 
curve may be ascribed to the monomolecular adsorption of the alkaloid 
on the surface of the mercury electrode. 

The following adsorbability coefficients of alkaloids on the mercury 
surface were obtained: 

Alkaloid l/6’„ — T„ 

Atropine sulphate 23’98 x 10* liteix 

Quinine hydrochloride 16-98 

Papaverine hydrochloride . . , 16-67 

Strychnine nitrate 13-04 

Morphine hydrochloride 7-92 

The author wishes to express his thanks to Professor Masuzo 
Shikata, Assistant Professor Isamu Tachi and also to Professor 
Shunjiro Hattori, with whose advice and kind assistance he was 
enabled to cairy out this investigation. 

Received May 1933. 
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Director Professor Shunjiro Hattori, 
Kyoto Impericd University. 

Literature. 

') E. Varasova: Collection, 1930, 2, 8. 

«) J. Rasch: ibid., 1929. 1, 660. 

•) J. Heyrovsky and M. Dillinger: ibid. 1930, 2, 626. 

‘) B. RaVman: ibid., 1931, 3, 314. 



POLAROGKAPHIC STUDIES WITH 
THE DROPPING MERCURY KATHODE. — PART XXXV. — THE 
ELECTROLYSIS OF AQUEOUS SOLUTIONS OF BERYLLIUM SALTS 

by W. KEMULA and M. MICHALSKI. 

In the table of the deposition potentials of metals at the dropping 
merciu*y kathode compiled from the papers by J. Heyrovsk^ and 
collaborators the value of the deposition potential of beryllium is 
lacking. In G. Semerano’s monograph^) which was published 
after the experiments described in this paper were completed, there 
is a note that “the electrolysis of beryllium salts does not give satis- 
factory results because of the strong hydrolysis”. We have found, 
however, that under certain conditions the above difficulty can be 
overcome. A study of the deposition potential of beryllium seemed, 
moreover, interesting also from the analytical point of view for the 
qualitative and quantitative determination of this element in the 
presence of other cations. 

Experimental part. 

1. Apparatus. The usual polarographic apparatus was employed.*) 
The mirror galvanometer had the sensitivity of 2-7 x 10~* amp. per 
mm of the scale, the half period of swing of 4- 6 sec. and the internal 
resistance of 600 ohms. 

The anode potential was compared with that of a normal calomel 
electrode. 

The electrolysis was carried out in the hydrogen atmosphere. The 
mercury used for electrodes was twice redistilled. 

The glass capillaries for the dropping kathode had the rate of 
dropping of 5 — 6 sec.’ in distilled water, the level of the mercury in 
the reservoir being 60 cms above the solution. 

2. The preparation of beryllium salt solutions. Because it was im- 
possible to obtain pure specimens of beryllium salts, they had to be 
prepared in our laboratory. 
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Beryllium chloride, BeCl^, was prepared by dissolving a weighed 
amount of metallic beryllium supplied by A. Hilger (London) in an 
equivalent amount of dilute hydrochloric acid. Tn the certificate of 
this firm it was stated that the amount of impurities in the metal did 
not exceed 0-74%. 

After repeated evaporation of beryllium chloride from solutions 
in distilled water the salt obtained was dissolved in water in a measur- 
ing flask. 



Current- voltage curvt^s of 0*1 n BeSO^ at different st'iisitivities 
of the galvanometer. 

Beryllium sulphate BeSO^ . 4 H 2 O was prepared according to V a- 
nino (Preparative Chemie, 2 ed. Vol. I, p. 420) from beryllium carbo- 
nate by dissolution in an equivalent amount of sulphuric acid. The 
solution was then concentrated over waterbath to crystaUisation, 
three times recrystallised and dried on air. A weighed amount of this 
salt was dissolved in water in a measuring flask. 

Other substances used were of guaranteed purity. 

3. The determination of the deposition potential of beryllium. The 
solutions of beryllium salts were electrolysed in the usual polaro- 
graphic arrangement. Because beryllium salts are to a great extent 
hydrolysed®) it was to be expected that a “wave’’ on the current- 
voltage curve, due to the electro-deposition of hydrogen will appear 
on the polarograms. The preliminary experiments have shown, indeed, 
that hydrogen ions resulting from the hydrolysis of beryllium salts 
produced the increase of the current before the deposition potential 
of beryllium was attained. It was thus necessary to decrease the sensiti- 
vity of the galvanometer. 



The curves obtained with a small sensitivity of the galvanometer 
show two increases of the current; of these the first increase is due 
to the hydrogen deposition and the second one to that of beryllium. 
In some cases it was found that the current of hydrogen deposition 
divides into two waves (See Fig. 1.). The cause of this complicated 
sort of hydrogen deposition may be the presence of different catalytic 
centers at the kathode surface which lead to hydrogen deposition at 
different kathode potentials.^) 

The deposition of hydrogen ions in the normal solution of beryllium 
sulphate begins at — 1*4 volt, which value indicates p// = 3 in appro- 
ximate agreement with the value found by V. Cupr.®) Owing to this 
comparatively strong acidity the deposition of beryllium from con- 
centrated solutions of its salts becomes indistinct. 

However, in solutions containing 0*1. 0*01 and 0*()05 equivalents of 
beryllium per litre it was possible to determine the deposition potential 
of beryllium. In some cases we have succeeded to suppress the con- 
centration of hydrions by additions of sodium acetate. 

Table I contains the values of the observed deposition potentials. 
In this table the kathode potentials denoted as ‘T” were measured on 
the polarograms obtained w ith high sensitivity of the galvanometer, viz, 
2‘7 X 10"^® amp. /mm; kathode potentials TI refer to the values obtained 
on the polarograms recorded with the decreased sensitivity of the gal- 
vanometer (1*1 X 10^® amp./mm). 


Table 1. 


Composition 
of the solution 

0 005 n BeSOi 

Katiiode potential I 
Sensitivity 

2*7 X l(> * amp./mm 

Kathode potential II 
Sensitivity 

1*1 X ie~~* amp./mm 

+ 003 n CH^COONa 
4- 0-005 n KOI 

— l*l>4(g; volt 

— 1-82(8) volt 

0-005 n BeSOi 
+ 0-05 n CU^COOK 

- l-«4(o) 

~ l-83(„) 

0-01 n BeCl^ 

- i*6ig 

1-81(,) 

0-01 n BeClj, 

- 1-61(8) 

- l-82(,) 

0-01 n BeSOi 

— 

~ 1-81(4) 

0-01 n BeSO^ ' 

— 

- l-82(*) 

0-1 w BeSO^ 

- 1-41(8) 

- 1-77(8) 

01 nBeSO^ 

- l-41(o) 

- l-79(o) 

0- 1 n BeCl^ 

— 

- l-79(,) 
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The values of the kathode potentials observed at higher current 
intensity (i. e. read off the jwlarograms obtained with the decreased 
galvanometer sensitivity) represent the deposition potentials of beryl- 
lium ions. Indeed, the displacements of this kathode potential due to 
the change of the concentration of beryllium salt correspond to the 
formula 

On the other hand the average values for the first increase of the 
current do not lead to such a simple relation, thus indicating that the 
process taking place at more positive potentials does not involve the 
electrodeposition of beryllium ions. This becomes evident from Table 11. 

Table IL 


The average values of the kathode potentials given in Table 1 . 


Concen- 
tration of 
beryllium 
salt 

Kathode potential I 
(average value) 

,1.Tj 

Kathode potential 11 
(average value) 

1 

ob- 

ser\^(Ml 

calcu- 

lated 

0-005 n 

^ 1-644 -i: 0-004 ^ 
1 

[ 0-029 

— 1-829:1: 0*002 j 

O-OIO 

0-009 

0-01 n 

- 1-615 0-003 1 

1 

0-201 

- 1*819:}: 0-007' 

0-031 

0*029 

0-1 71 

— 1-414 i: 0-004 1 


— 1-788 ± 0*009 * 




A consideration of this Table leaves no doubt that the increase of 
the current characterized by kathode ]>otential 1 is due to the depo- 
sition of hydrions. 

We can now obtain by extrapolation the value of the “normal de- 
position potential*’ of beryllium, which should be observable with 
the sensitivity of Mx 10—* amp./mw, if the deposition of hydrions 
would not interfere. The following figure results: 

Tin ~ 1 -788 V. + 0'029= — 1-759 V. 

In order to place this value in the series of ‘‘normal deposition po- 
tentials” found with the dropping mercury kathode (comp. W. Ke- 
mula*)), the figure has still to be corrected for a change of the sensiti- 
vity to 10—* amp./mm. As this correction amounts to 2x0-029 v., the 
fin^ theoretical figure for the “normal deposition potential” of beryl- 
lium in the series is tth — — 1*70 v. 
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Variotis observations: In the course of our work some interesting 
phenomena were observed. 



Fig. 2. 

To 10 CCS of 0*001 n HCl added a solution of 0*05 n LiCl in 0*001 n HCl. 

Concentration of Lid is: 

1.0, 2. 0*00049 n, 3. 0*0014 n, 4. 0*0033 n, 5. 0*0066 n, 6. 0*012 n, 7. 0*019 n. 

I. Slendyk®) has found that the diffusion current of hydrogen depo- 
sition from dilute hydrochloric acid is strongly suppressed by the addi- 



Fig. 3. 

The suppression of the diffusion current of 0*001 n Hd by additions of Bed ^ . 
' Concentration of Bed ft 

1. 0, 2. 0*00026 n, 3. 0*00060 n, 4. 0*00076 n, 6. 0*00126 n, 6. 0*00366 n. 

tions of neutral salts. An example of this is shown in polarogram Kg. 2. 
Curiously enough the beryllium salts when added in a greater amount 
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entirely suppress the wave of hydrogen deposition, although in this 
ease due to the hydrolysis of beryllium salts the opposite should be 
expected, (See Fig, 3.) The authors have not found as yet the explan- 
ation for this phenomenon. 

Theauthorshavetriedtoworkoutananalyticalmethod for the polaro- 
graphic estimation of beryllium in the presence of aluminium salts. 
The close proximity of the deposition potentials of beryllium and alu- 
minium ( — 1-66 V. and — 1*70 volt for Al and Be resp.) left little 
hopes for the possibility of a qualitative separation from solutions 
containing both aluminium and beryllium ions. 



Solution containing: 

O'OOl n Ph'\ 0*005 n Be \ 0*01 n Li* with different sensitivities. 

This was indeed experimentally confirmed; the ‘‘waves” on curves, 
due to the deposition of the two metals, coalesced into one. It was 
therefore tried to bind one of the constituents of the solution into 
a complex by additions of different complex forming agents. The ex- 
periments with the additions of potassium hydroxide, potassium ace- 
tate, sodium salicylate, sodium tartrate did not lead to the resolution 
of the composite wave of beryllium and aluminium. With increasing 
alkalinity the wave entirely vanished. 

A slight separation could be effected by the addition of a saturated 
solution of potassium oxalate, because the solubility of beryllium oxa- 
late is considerably smaller than that of aluminium oxalate. However, 
the results were not satisfactory from the analytical point of view. 

In the course of these experiments it was observed that the solu- 
bility of freshly precipitated beryllium oxalate decreases with the time. 
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On the other hand it was ascertained that the eleotrodeposition of 
beryllium is not affected by the presence of the ions of nobler metals. 
An example of this is shown in the polarogram Fig. 4. 

Received May, 1933, 

The I. Chemical Institute 
of the Jan Kazimierz University^ 
Lumv, Poland, 

The authors express their thanks to Professor St. ToHoczko, Di- 
rector of the I. Chemical Institute of the Jan Kazimierz University, 
Lw6w, for his interest and helj) in providing means for carrying out 
this research. 


Summary. 

1. The normal deposition potential of beryllium ions at the dropping 
mercury kathode is Tin — — 1’70 volt against the normal calomel zero 
when measured with a galvanometer sensitivity of 1 x 10"-® amp./mm. 

2. Owing to hydrolysis the current-voltage curves of beryllium salt 
solutions show a wave of hydrogen deposition before the deposition 
of beryllium ions. 

3. Owing to the similarity in the electro -chemical behaviour of be- 
ryllium and aluminium tlje polarographic wave due to both elements 
could not be resolved. 
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RESEARCHES ON THIAZOLES. XIX. THE SYNTHESIS 
OF 2-(in-NITROPHENYL)-BENZOTHIAZOLYL-p, p'.DISUI.PHIDE. 

By MAR8TON TAYLOR BOGERT and RK.'HARD B. (.'ONKLIN. 


introductory. 

In the fusion of p-toluidine with sulphur, for the manufacture of 
thiazole dye intermediates, the principal products, as is well known, 
are dehydrothio-p-toluidine (T) and primulines (II): 

.9 

(7) ))C(UH,NH, (p-) (I) 

\n/ 


(7) 


\N'^ 




(p- 


In so far as the primulines are concerned, the value of “r” in the 
above formula probably depends mainly upon the percentage of 
sulphur to p-toluidine, and upon the temperature and duration of the 
heating. As ordinarily carried out, this fusion results in mixtures of 
primulines. 

According to (Jreen,^) the main product of the I’eaction is the 
primuline, which melts in the neighborhood of 220®, is 

soluble in nitrobenzene and easily sulphonated. Smaller quantities of 
higher primulines are formed simultaneously. G re en^) states that the 
base melts around 340®, is insoluble in nitrobenzene and 
more difficult to sulphonate than the Cgi compound, and that the 
higher primulines have still higher melting points, are insoluble in all 
ordinary neutral organic solvents and not sulphonated even by strong 
fuming sulphuric acid. 

Based upon the observation that primuline bases are formed by fusing 
either p-toluidine, or dehydrothio-p-toluidine, with sulphur®),^),®); and 
upon the investigation of the degradation products of the primulines 
conducted by Jacobson,®) and by Pfitzinger and Gattermann,’) 
the structure shown in Formula II was assigned tentatively to these 
bases and has be«i generally accepted ever since. So far as we are 
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awaie, no one has ever succeeded in isolating any of these primulines 
anal 3 rtioally pure, and adequate synthetic proof of the correctness of 
this formula is still lacking. It was to supply such proof that this research 
was undertaken. Although it has not yet reached this goal, due to the 
imavoidable withdrawal of the junior author, it seems to us desirable 
to record what has so far been accomplished. 

The original plan was to prepare a 2-(m-chloro-p-nitrophenyl)- 
benzothiazole (III), from which to synthesize the thiazole (V) by the 
customary reactions: 


.S 




.Cl (m-) 


'^NO, 


(P-) 


(III) 


\j^/ 


/ 


NO2 (m-) 


(P-) 


(IV) 


.s. 




ip-) 

N'/ 


.S ycc\H,NH, ip-) 


(V) 

(VI) 


Such a product would correspond to the simplest of the above 
primuline bases, without its methyl group. This synthesis 

involved the preparatioh first of the w-chloro-p-nitrobenzoyl chloride, 
with which to make the thiazole (III). The method described in the 
literature for the preparation of this chloronitrobenzoyl chloride 
required the following steps, with m-chloraniline as initial material: 


C\H^ 


/ 


NH, (1) 


^Cl ( 3 ) 


/ 

^Cl 


NHOAc 


-- (4) 


/ 


NHOAc (1) 


■ON 


/ 
'^Cl 


/ 


COOH 

^Cl 


^Cl 




( 3 ) 

COCl 


/ 


From 100 g of wi-chloraniline, the yield of final product was only 
1 1*5 (7 and many weeks were consumed in the work. 

Since the m-nitro-p-chlorob«izoyl chloride is easily obtained in 
good yield from p-chlorobenzoic acid, this was used in plac« of its 
isomer, for the preparation of the thiazole (IV), as the intermediate 
for (VI). The latter (VI) differs structurally from the primuline 
base in the absence of its methyl group and in the relative positions 
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of the nitrogen and sulphur in the second thiazole nucleus. The absence 
of the methyl group would not be likely to alter the tinctorial pro- 
perties of the product materially and it would be a matter of great 
interest to find out what effect, if any, the relative positions of the 
nitrogen and sulphur in the second thiazole cycle had. Such a compound 
could be properly regarded as a primuline type and should give analo- 
gous products on alkaline cleavage. Further, the experience gained in its 
synthesis and study should be of value in the synthesis of the true 
primuline type (V). 

The successive steps in this preparation were to be the following: 


NHJ, 


Zn + CiaOC^H^ 


/NO 2 (ni-) 
^Cl (P-) 




^ • C\H,( (or its Zn salt) 

(VEl) 

+ ClCOC\H,NCh (P) ’ yCX\H,N(), ip 

\s/ 


and reduction of this latter to (VI). 

This synthesis has progressed as far as the disulphide (VII), where 
it has been discontinued for reasons already stated, and from which 
2)oint it is hoped to advance in the near future. 


Experimental. 

Di~o-7iitrophenyl disulphide was j)repared by the method of Bogert 
and Stull.®) The yield and m. p. were as recorded by them. 

o-Amiuo-thiopenol zinc salt. The method of Bogert and Snell®) was 
used with an unpublished modification by Bogert and Hess as 
follows: 

Twenty g of the above disulphide were dissolved by boiling in 750 cc 
of glacial acetic acid containing 20 g of fused sodium acetate. Excess 
of zinc dust was added in small portions and the heating was continued 
until the solution became colorless. It was filtered hot, and the filtrate 
into two volumes of water. The white zinc salt was washed and dried. 
Yield, 17-7 g or 87%. 

m-Nitro-p-cJdorbemoic acid, — Enough nitric acid (Sp. Gr., 1*6) was 
added to 31*3 of p-chlorobenzoic acid to cover it completely. The 
mixture was warmed gently on the steam bath until solution occurred, 
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and the solution was then poured upon small pieces of ice. It was 
diluted, filtered, washed and dried. Yield 39*2 g or 97%. After one 
crystallization from water, the yield was 91%; m. p. 182® C (corr,). 
Montagne^®) records a m. p. of 181*5® C. H iibner reported first a m.p. 
of 178—80® C,^^) and later^^) one of 179—80® C. 

The above method is similar to that used by Hiibner, Ohly and 
Philipp^®) for the nitration of the corresponding bromobenzoic acid, 
except that these investigators fail to give the strength of acid used, 
yield, and other details. 

m-Nitro-p-chlorobenzoyl chloride. — An intimate mixture of 50 g of 
m-nitrO“p-clilorobenzoic acid and 52*7 g of phosphorus pentachloride 
was heated on an oil bath at 140'— 50® C for one and one-quarter to one 
and one-half hours. By the end of this time gaseous hydrogen chloride 
had ceased to be evolved. The product was transferred to a Claisen 
flask, the phosphorus oxychloride distilled off, and the temperature then 
raised. The acid chloride distilled at 199 — 200® C (corr.) at 60 mm\ 
yield 50*7 g, or 93%; m. p, 51*2® C (corr.). Montagne^®) records a b. p. 
of 170*0—170*5® C at 22 rnm, and a m. p. of 51® C. 

2’(m-Niiro-p-chlorophenyl)-benzothiazole (IV). — Twenty -two g of 
m-nitro-p-ohlorobenzoyl chloride and 15*7 gr of zinc o-aminothiopheno- 
late, each well ground separately, were mixed thoroughly in a small 
beaker, which was then warmed on the steam bath. The mixture 
reacted quickly to form, a thick brown viscous mass. After heating 
for an hour, the cold fusion mixture was ground and extracted with 
dilute sodium hydroxide solution. The insoluble residue was washed 
with water, then repeatedly with small volumes of alcohol and ether. 
It was crystallized with noriting from glacial acetic acid and from 
alcohol, and then formed pale yellow, fluffy needles, m. p. 165*5 — 
166*5® C. (corr.); yield, 21*2 g, or 73%. The compound was slightly 
soluble in cold ether and readily soluble in cold ethyl acetate, chloro- 
form or benzene. From hot ligroin, it crystallized in clusters of fine 
needles. 

ArmLCsAodAoxOi^H^O^N^Cl: (), 53*68; H, 2*43; N, 9*64. Found: 
(7, 53*73; //, 2*51; N, 9*62. 

2-(m-Nitrophenyl)-benzothiazolyl-p,p'-disulphide (VII). — To a so- 
lution of 10*80 g of crystalline technical sodium sulphide in 300 cc 
of alcohol, 1*44 g of finely powdered sulphur was added, and the so- 
lution was refluxed until all of the sulphur had dissolved. In a separate 
flask, 17*43 g of 2-(m-nitro-p-chlorophenyl)-benzothiazol was dissolved 
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by refluxing with 3 liters of alcohol. The disulphide solution was added 
slowly through the condenser to the boiling thiazole solution, and 
boiling was continued for two and one-half hours. The mixture was 
filtered hot, and the precipitate was washed with water, alcohol and 
ether; yield 11*0 gf of a finely powdered yellow solid which melted 
with decomposition at approximately 259 — 262® C (corr.). The filtrate 
from the first crop of crystals deposited, on cooling, a second crop of 
1*3 g, making a total yield of 12-3 g, or 71%, of the crude product. 
Decolorized and crystallized from xylene, it formed minute canary- 
yellow crystals w hich, under a magnification of 430 diameters, appeared 
as square-based pyramids. Placed in the bath at 280® 0, and heated 
3®/min., it darkened at about 285® (■ and melted with decomposition 
to a black tar at about 292 — 293® C (corr.). It was very insoluble in 
acetone, acetic acid, chloroform, ethyl acetate or cellosolvo. 

V AnaL Coaled, for C. 54-33; H 2-46; 9-75. Found: 

54-43; H, 2-80; N. 9-66. 

Sum mar}. 

From zinc o-aminothiophenolate and m-nitro-p-chlorobenzoyl chlo- 
ride the 2-(m-nitro-p-chlorophenyl)-benzothiazole has been i)repared, 
and from this the 2-(m-nitrophenyl)-benzothiazolyl-p, p'-disulphidc. It 
is hoped that this latter may serve as an intermediate for the synthesis 
of a pseudo-primuline, no such compounds having yet been synthe- 
sized. 

Laboratories of Organic Chemistry 
Colujnbia University, Neiv York, N. Y, 
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NOTICES PHYTOCHIMIQIJES 11. 

SUR LES GLTJCIOES T)E QUELQUES DUVETS VfiG^TAUX 

par K. VOTOf;EK .•( ZVONlflEK. 

AbBtractioii faite du colon qui, constituant une fibre textile do la 
plus grande importance, a cte I’objct de tres nombreuses recherch.es, 
les autres duvets vegetaux ne paraiasent ])as avoir cte studies au point 
de vue chimique. Ues duvets ont-ils pour principe glucidique une 
cellulose vraie, c'est-a-dire a base de glucose, ou sont-ils seulement 
composes d’h^micelluloses peu resiatantes aux agents chimiques et 
biochimiques ? On ne salt rien encore la-dessus. Dans la pr^sentc com- 
munication nous t&chons de combler cette lacune en rendant compte de 
quelques duvets ou poils vc^getaux (pie nous a vons eu I’occasion de t6- 
colter au cours des annees. 

Nos recherches ont trait aux duvets des vcgi^taux suivants: Liiiai- 
grette (eriophorum angustifolium), chardon (carduus acanthoides), 
pissenlit (taraxacum officinale), plante a ouate (asclepias syriaca), 
peuplier (populus nigra). 

Pour 4tablir la composition de ces fibres naturelles, voici comment 
nous procedions: La fibre debarras8(*e par triage a la pincette de toute 
impuret4 mecanique a tout d’abord etc degraiss6e par une extraction 
h rather. Puis elle a ete cuite a {ilusieurs reprises avec de i'eau pour en 
extraire les principes solubles, notamment les glucides simples (glu- 
coses). Le r^sidu a 6t6 soumis ensuite a I’hydrolyse menag^e consistant 
en un chauffage plusieurs fois rejwte avec de I'acide sulfurique k 3% 
et durant chaque fois S heures. Oe traitement avait pour but de lib^rer 
et mettre en solution les constituants sucres des glucides insolubles 
dans I’eau mais peu r^sistants aux acides diluiis. Pour fitre bref, nous 
les d^aignerons dans la suite comme „hemicellulose“. Le nouveau r6- 
sidu, e’est-k-dire la fibre r4fractaire k Taction de Tacide sulfurique 
dilu^ et constituant la cellulose vraie du duvet, a 4t6 soumise il Thydro- 
lyse ^nergique telle qu’elle sert g^niiralement k la saccharification com- 
plete des celluloses (dissolution dans Tacide sulfurique e 80% , dilution 
et ebullition). L’un et Tautre hydrolysate (celui de Themicellulose et 
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celui de la cellulose vraie) ont et6 ^tudi^s par les niethodes courantes 
dans la recherche des sucres simples ou glucoses. 

Voil^t pour le mode op6ratoire que nous employions dans Tanalyse 
immediate de nos duvets, 

Linaigrette (eriophorum angustifolium). 

Poids de la fibre naturelle: 50 gr. 

Reaction microchimique de la fibre nalurelh'. — lode : ties 

belle coloration bleue. 

Extrait aqueux, — Apres concentration a consistance sirupeuse iJ 
a ete purifie par Talcool pour eliminer autant que possible le pen de 
polyoses precipitables. lie rendement corre8])ondait a 2 r/r environ de 
matiere sk?he reductrice. (-ette derniere ctait fortement dextrogyre: 
[«]/> -h 67*3® et renferrnait d’apres un dosage par distillation avec 
HCl 30-8% de pentose, done 69*2% d'hexose. Le pentose s’est revcle 
ctre du xylose, car il s’est laisse transformer en xylonobromure de 
cadmium (preuve d’oxydation de Bertrand). L’hexose est constitue 
par le galactose (formation d’une rnethylphenylhydrazone mono- 
hydratee, fusible a 184®, et d'acide mucique p. de f. 218 - 219® par 
oxydation nitriquo). Si le ])ento8e trouve par distillation avec HCl est 
calcule commo xylose, on trouve 28% de ce sucre et 72®/o de galactose 
(par difference). 

Udmicellulose. [je residu apres rextraotion a l eau, hydrolyse par 
de Tacide sulfurique a 3%, a fourni par la voie habituelle un sirof) 
sucr^ qu’on a purifi6 par des precipitations a Talcool. 

lia matiere seche reductrice avait un pouvoir rotatoire \ a \j)— + 24*2®. 
Le sirop ne donnait pas les reactions colorees des cctohexoses. 11 ne 
renferrnait pas non plus de mannose (essai negatif avec la phenyl - 
hydrazine), par centre une proportion considerable de pentose, soit 
91*3 p. pour 100 p. de matiere seche reductrice. L’oxydation nitrique 
a reveie la presence de galactose (I’acide mucique obtenu fondait entre 
218 et 219®), de meme Tobtention, quoique avec un rendement faible, 
d’une m6thylphenylhydrazone qui, recristallisee dans Feau, montrait 
le point de fusion 184® de Thydrazone monohydratee. 

Des eaux meres apres la precipitation du galactose, le sucre a ete 
mis en liberte au moyen d’aldehyde benzoique. Le pouvoir rotatoire 
de sa matifere seche reductrice a ete trouve [«]£> = 20-4®, Cette valeur, 
peu differente de celle du xylose, correspond a reiimination du galac- 
tose, sucre k pouvoir rotatoire tr^s eieve, Toutefois, une partie du 


31 * 



galactose, bien qu’assez faible, a du rester dans le melange sucr^, car 
nous avons obtenu par traitement avec un exces d’acetate de p-bromo^ 
phony Ihydrazine une osazone fondant constamment de 187 4 189®, 
ce qui est le point de fusion de la galactose-p-bromoph^nylosazone. 
La teneur en brome et en azote s’accordait cgalement avec celle d’une 
bromophiSnylosazone d’hexose: 

Trouve Br 30*77%, N 10*88%. 

Calcule Br 31*03%, N 10*83%. 

L’oxydation par I’eau de brome a donne de I’acide xylonique 
(identifi6 a Tetat de xylonobromure de cadmium), ce qui perrnet de 
considerer le f)entose du melange sucre comme du xylose dont la 
teneur dans la matiere seche reductrice s’abaisse alors de 91*3% 83%. 

Le reste est du galactose. 

L’hemicellulose du duvet de linaigrette se compose done de polyoses 
a base de xylose ct de galactose. 

Ajoutons qu’un dosage fait par la methodo de distillation avec H(Jl 
a r6vel(5 dans la fibre primitive (naturelle) 30^2 % de pentosane. 

(^ellulose. — Le residu apres Tocartement de rh^micellulose a 6te 
saccharified par dissolution dans Tacide sulfurique a 80%, dilution 
ulterieure ^3% de et ebullition prolongee a 8 heuros. Le sirop 

sucre obtenu par le procedc habituel s'est pris en cristaux au bout de 
quelques jours. Purifies par clair^age a Talcool a 96%, ces cristaux 
presentaient un pouvoir' rotatoire [«]/^ - +46*8® et donnaient une 
])h6nylo8azonejaune citron, peu soluble dansl’ac^tone et fondant 205®. 
Tout cela montre qu’on est en presence du d-glucose monohydrate. 

La partie cellulosique resistante du duvet de linaigrette est done 
^base de glucose, e’est-^-dire elle est foi'mee par une cellulose vraie. 

0 h a r d o n (carduus acanthoides) . 

Remtion microchirriigue de la fibre naiurelk. — lode +// 36^04 : colo- 
ration verte. 

Extrait aqueux. — 200 gr de duvet pur ont extraits Teau 
bouillante. Prive de la petite quantite de polyoses pr^cipitables par 
Talcool, le melange sucir^. 6tait fortement levogyre: son pouvoir rota- 
toire (calcule pour la matifere stehe reductrice) 6tait respectivement 
[a]/> = — 63*7® et — 57*7® suivant qu'on s'est servi des tables du 
glucose ou du fructose. La forte rotation gauche laissait soup9onner la 
presence du fructose. En effet, le sirop donnait nettement les reactions 
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oolor^es des c^tohexoses (reactions a la r6sorcine, a la diphenylamine, 
au carbazol). En outre, la reaction color^e k la phloroglucine mettait 
en Evidence la presence de pentoses. 

Le dosage par distillation avec HOI a revels dans la matiere seche 
rMuctrice 34% % de pentose. Ije traitement du sirop par un exces 
d^ac6tate de ph^nylhydrazine a donne un melange de phenylosazones 
dont nous avons pu isoler, d’une part, une osazone jaune citron, peu 
soluble dans I’acetone et fondant a 205®, d’autre part, une osazone 
tres soluble dans Tacetone et fusible (apres clair 9 age au benzene et 
recristallisation dans Talcool a 60®) entre 155 et 157®. La premiere 
osazone ne pouvait appartenir qu’au fructose, et cela pour les raisons 
suivantes: 1. le melange sucre etait fortement levogyre (voir plus 
haut), 2. traits par la methylphonylhydrazine d'apres la technique 
de Neuberg il engendrait Tosazone jaune orang^. fusible a 153®, 
caracteristique du fructose. Quant k Taiitre phenylosazone (p. de f, 
155 — 157®), elle doit etre celle du xylose, car Toxydation au brome 
du melange sucr^ nous a conduit sans peine au xylonobromure de 
cadmium. 

fructose est certainement le seul cetose du melange, car apres 
relimination des aldoses par Toxydation au brome le sucre residuel 
d^viait fa]/> — — 80*4® (calcule pour la matiere seche reductrice), 
ce qui est une valeur suffisamment rapprochee du pouvoir rotatoire 
du fructose. 

Le dosage du sucre reducteur avant Foxydation au brome et apres 
elle montre que le melange sucre renferme environ 30*8®/, d aldose 
(xylose) et 69- 2% de cetose (fructose). CJe chiffre concorde bien avec 
le dosage direct du pentose par la mcHhode de distillation avec HCl 
qui. si Ton calcule d’apres les tables pour le xylose, donne 31*2®/, 
de xylose. 

Par ce qui vient d’etre dit on voit que les glucides solubles dansl’eau 
du duvet de chardon sont essentiellement constitues par le fructose 
et le xylose. 

Hdmicellulose. — Par un traitement analogue k celui signale a 
propos de la linaigrette la fibre residuelle a donn^ un melange dextro- 
gyre de sucres simples. Sa matiere sfeche reductrice avait [a]/> 

+ 24*8®. Le dosage par distillation avec HCl a montre qu’elle est consti- 
tu^e principalement par du pentose (94-2 ®^), le reste appartient 
k rhexose (ou aux hexoses). 

L’essai k la phenylhydrazine a prouve I’absence de mannose et de 
glucose. En effet, Tosazone obtenue fondait (apres recristallisation 
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dans Talcool k 60%) constamment k 160® et ^tait aisement soluble dans 
Tao^tone, faits qui parlent en faveur d'une pentosazone. 

L’oxydation nitrique a rendu probable la presence du galactose 
(obtention d’acide mucique fusible entre 218 et 219®). La preuve 
definitive a fournie par la preparation de la methylphenylhydra- 
zone correspondante au sucre et qui, apres reoristallisation dans Teau, 
fondait constamment k 184® (point de fusion de la galactose-methyl- 
phenylhydrazone monohydratee). 

Des eaux meres de cette hydrazone le sucre residue! a ete regenere 
au moyen de benzakiehyde. Son oxydation a Veau de brome avec 
traitement ulterieur habituel a fourni du xylonobromure de cadmium. 

L'hemicellulose du duvet de chardon est done constituee par des 
polyglucosides a base de galactose et de xylose. 

Cellvioae. — 10 gr de fibre privee de I’hemicellulose ont etc sacchari- 
fies par Tacide sulfurique a 80%, etc. Le traitement habituel du 
produit d’hydrolyse a fini par donner un sucre cristallisc, deviant 
[a]D ^ + 47«06®, e’est-^-dire le glucose monohydrate. Ajoutons que 
sa phenylosazone, jaune citron et peu soluble dans racetone, fondait 
k 205®. 

Cela montre que e’est le sucre de raisin qui constitue le composant 
le plus simple de la partie resistante du duvet de chardon, ce qui la 
caracterise comme une celhilose vraie. 

La fibre brute (naturelle) du duvet renfermait 25*8% de pentosaue 
(xylane). 

Pissenlit (taraxacum officinale). 

R^dctions rmcrochimiques de Za fibre naturelle, — lode + : 

belle coloration verte. Phloroglucine + HCl : coloration rose. Sulfate 
d'aniline : coloration jaune. 

Extrait aquewc, — 15 gr de duvet ont et6 degraisses, puis traites 
a I’eau bouillante. L’extrait, purifie par prteipitation alcoolique, 
r^duisait la liqueur cupropotassique et donnait avec la phloroglucine 
la reaction color^e des pentoses. 

H^icelluloae, — L’hydrolysat obtenu par traitement au moyen 
d’acide sulfurique a 3®^ 4tait dextrogyre : [a]jr> = + 26*2® (calculi 
pour la matiere seche,r6ductrice). Cette derniere renfermait 96*5% 
de pentose d 'apres un dosage par la methode de distillation avec HCL 
Ce fait et la faible valeur du pouvoir rotatoire firent penser au xylose 
k c6t6 d'une trfes faible proportion d un hexose. Le xylose a pu, en effet, 
etre reconnu par transformation en xylonobromure de cadmium, par 
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contre ridentification de Thexose n’a pu etre effectuee d'une fa^on 
sure par ce que le peu de substance dont nous disposions, n’y suffisait 
point. Signalons toujours que la m^thylph^nylhydrazone du sucre en 
question fondait entre 190 et 191® avec decomposition. 

De Teau mere aprfes la separation de cette hydrazone le sucre a etc 
mis en liberte par le precede a Taldehyde benzoique. II deviait cette 
fois-ci [a]/) = + 19*7® et donnait une phenylosazone soluble dans Teau 
bouillante et fondant constamment k 160®. L’lme et Tautre observa- 
tions parlent en favour du xylose. 

L’hemicellulose du duvet de pissenlit se compose done d'un polyosc 
a base de xylose avec une tres faible proportion d’hexose indetermine. 

Cellulose. — La saccharification habituelle par Tacide sulfurique 
a 80% de 6 gr do fibre residuelle resistante a fini par donner un sucre 
cristallise toumant [(x]o - + 52* 1®. Sa phenylosazone etait jaune citron, 
se dissolvait aisement dans Tacetone et fondait entre 204 et 205®. 

11 en ressort que la partie resistante du duvet de pissenlit represente 
une cellulose vraie a base de glucose. 

La fibre naturelle renfermait 28•8®^ de pentosane. 

Plante k ouate (asclepias syriaca). 

Reactions microchimique^ de la fibre naturelle. — lode + H^SO^ : 
coloration verte. Phloroglucine + HCl : coloration rose. Sulfate d’ani- 
line : coloration jaune. 

Extrait aqueux. — II a ete obtenu, apres degraissage, par traitement 
a Teau bouillante de 100 gr de fibre, et renfermait 1*65 gr de sucre 
reducteur levogyre. Son pouvoir rotatoire etait [a]/> — 48*7®. Jl 

donnait les reactions color6es des c^tohexoses (i*esorcine, diphenyl- 
amine, carbazol) et des pentoses (phloroglucine). 

Le dosage par distillation avec HCl indiquait dans 100 parties de 
matiere seche reductrice 52*3% de pentose, le reste appartenait a 
riiexose. L’action d’un exces d’ac^tate de ph^nylhydrazine a fourni 
un melange compost d’une osazone jaune citron, peu soluble dans 
Tac^tone, fusible 205®, et d’une deuxifeme osazone aisement soluble 
dans ce solvant et fondant constamment a 160®. 

L’oxydation du sirop sucr^ par Teau de brome, avec transformation 
ult6rieure en xylonobromure de cadmium, a montre que cette dernifere 
osazone appartient au xylose. La forte rotation gauche du melange 
sucr6 et les reactions colorees conduisent k la conclusion que la pre- 
miere osazone appartient au fructose. 
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Si le dosage de pentose signale plus haut est calculi pour le xylose, 
on en trouve 47*5%. Pour Thexose il vient (par difference) 52*5%. 

Himicdlulose, — L’hydrolyse par k 3% de la fibre privee 

de matieres solubles dans Teau a donne un melange sucre faiblement 
dextrogyre, dont la matifere seche reductrice etait [a]i> = + 16*8%. 
Le strop ne donnait pas les reactions colorees des cetohexoses. par 
contre celles des pentoses. Le dosage par distillation avec HCl a 
reveie la seule presence d’un pentose. Ce dernier a ete reconnu comme 
etant du xylose (phenylosazone bien soluble dans I’alcool et I’acetone 
et fondant ^ 160®, formation de xylonobromure de cadmium). Si le 
dosage de pentose est ramene au xylose en adoptant pour le calcul 
de la matiere sech^ reductrice la table de Stone (Ber. 1890), on 
obtient la valeur 98*8%, ce qui montre que pratiquement la totalite 
du pentose present est constituee par le xylose. 

L existence du xylose dans rhydrolysai de rhemicellulose du duvet 
d'asclepias a d’ailleurs re§u une autre confirmation, decisive celle-ci: 
Au bout de quelques semaines, le sirop s’est pris en une bouillie 
cristalline epaisse, dont nous avons pu extraire le sucre pur oristallise. 
Son pouvoir rotatoire etait c^lui du xylose: [«]/> + 16*7®. De meme 

la p-bromophenylhydrazone du sucre possedait tous les caracteres 
du derive xylosique (point de fusion 205 — 207®, etc.). 

L’hemicellulose du duvet d’asclepias est done k base de xylose, 
e’est un xylane. 

Cellulose. — L’hydrolyse energique (par H^SO^ k 80®^) de la fibre 
debarrassee des matieres hemicelliilosiques a laisse un sirop de mono- 
ses qui ne tarda pas se prendre en cristaux. Ces derniers, purifies 
par clair 9 age k Talcool k 96®/o, tournaient en solution aqueuse [a]/> == 
+ 46*6®, ce qui denote leur identite a fee le monohydrate de glucose. 
La phenylosazone obtenue k partir du sucre cristallise formait des 
aiguilles jaune citron, peu solubles dans Tacetone, fusibles k 204®, 
ce qui est egalement d ’accord avec le sucre de raisin. 

La partie cellulosique du duvet d’asclepias est done a base de 
glucose, ce qui la fait ranger parmi les celluloses vraies. 

La fibre primitive du duvet renfermait 31% de pentosane. 

Peuplier (populus nigra). 

Reactions microchimiqiies de la fibre naturelle. — lode + H^SO^ : 
coloration bleu vert. Phloroglucine + HCl : coloration rose. Sulfate 
d’aniline : coloration jaune. 
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Extrait aqueux, — 100 gr de duvet d^graiss^ ont ced4 k Teau bouil* 
lante une petite quantity d’un melange sucr4 faiblement dextrogyre: 
[«1 d = + 13*6® (calculi pour la matiere seche r^ductrice). Le sirop 
donnait bien les reactions color^s des pentoses, mais point celles des 
c^tohexoses. Un dosage par distillation avec HCl a revile dans 100 
parties de matiere stehe rdductrice 1M% de pentose; le reste appar- 
tient k Thexose. 

La valeur peu considerable du pouvoir rotatoire ainsi que le faible 
pourcentage de pentose laissaient soup^onner la pr6sence du mannose. 
L’exp^rience a confirme cette supposition, car le sirop a s^paro avec 
la plus grande facilite une phenylhydrazone peu soluble dans Teau, 
fondant k 191® et qui s’est laisse transformer, par un exces d’acetate 
de ph^nylhydrazine, en une phenylosazone jaune citron, j>eu soluble 
dans Tao^tone et fondant entre 204 et 205®. 

Le pentose present s’est montre etre du xylose, il donnait en elfet 
du xylonobromure de cadmium par Toxydation au brome. 

L’extrait aqueux du duvet de peuplier renferme done ])rincipalement 
du mannose, puis du xylose. 

H^micellulose, - L’hydrolyse a Tacide sulfurique k 3% de la fibre 
priv^e des matiferes solubles dans Teau a fourni un sirop sucre dont 
le pouvoir rotatoire, calculi pour la matiere seche reductrice, etait 
[a]n - -f- 17-9®. Cette valeur laissait pr^voir Texistence dans le me- 
lange sucr^ de glucoses peu deviants (mannose, xylose). La distillation 
avec HCl a montr^ que x>our 100 parties do matiere seche reductrice 
il y a 92*6% de pentose. Le reste correspond Thexose. 

L'essai k la resorcine a prouv^ Tabsence des cetohexoses, celui k 
Tacetate de phenylhydrazine a donne la phenylhydrazone caracteris- 
tique du mannose (faible solubilite dans I’eau, point de fusion de 191®). 
L’eau mere apres cette, hydrazone a ete traitee par un exces d’acetate de 
phenylhydrazine, ce qui a conduit k une phenylosazone bien soluble 
dans Talcool, fusible entre 159 et 160®. Pour decider entre le xylose 
et Tarabinose, nous avons opere Toxydation du sucre k Teau de brome. 
Elle nous a donne du xylonobromure de cadmium. Ce resultat, ainsi 
que la faible valeur du pouvoir rotatoire, mettent en evidence la 
presence du xylose. En recalculant le dosage de pentose signaie plus 
haut on obtient 85% de xylose, done 15®^ pour le mannose (par 
difference). 

Le principal composant sucre de Themicellulose du duvet de peuplier 
est done le xylose; le constituant acoessoire est le mannose. 
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Gettidose. — Le suote oriatallis^ obtenu par saooharifioation ^nei?- 
gique de la fibre priv4e d’h^mioellulose est fbrm6 par le d-gluoose. 
En effet, son pouvoir rotatoire a ^t4 trouv4 [a]i> = + 47*6® (rotation 
da monobydrate de glucose). La ph^nylosazone obtenue avec le sucre 
pur 6tait jaune citron, se dissolvait peu dans I’ac^tone et fondait 
k 206®. 

Ce qui montre que la ceUulose du duvet de peuplier est elle aussi 
& base de d-glucose. 

La fibre primitive contenait 28-8% de pentosane. 

Laboratoire de Ohimie organiqw 
A VEcde P(dytechnique de Pragw 
( TeMcoeUmiqaie). 
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LE SYSTtlME CTANUBE MERCURIQUE-BHODANUBE CHBOMI- 
QUE COMME INDICATEUR DE TROUBLE 

par R. UZEL. 


En solution aqueuse neutre le cyanure mercurique est tr^.s peu die- 
soci^. La r4activit4 de ses oonstituants augmente en milieux acide ou 
alcalin. En milieu acide Tion mercurique du cyanure entre ais^ment 
dans des complexes (avec les halogenures, le thiosulfate) ou determine 
des pr^cipit^s insolubles (sulfure) avec mise en liberty d’acide cyan- 
hydrique; en milieu alcalin, le cyanure mercurique re9oit I’ion oxhy- 
dryle et d^tache Tion cyanogfene.^) Ce fait a 6t6 utilise par Feigl et 
Tamchyna*) pour ^laborer un indicateur de trouble inorganique, 
en consideration de ce qu’une solution de cyanure mercurique et 
d’azotate d’argent se trouble par le cyanure d’argent si le pji est 
superieur a 4* 2. Get indicateur est sensible vis-lt-vis des ions OH\ 
Dans la pratique, on peut s’en servir dans le titrage alcalim^trique de 
I’argent. Par centre, il est inutilisable en presence de corps precipitant 
Tion Ag' ou quand le passe du cote acide, car la reaction in- 
verse ne s’accomplit quo lentement et d’une maniere incomplete. 

Dans le present travail nous mettons k profit le fait de Taccroisse- 
ment de la reactivite de Tion mercurique en milieu acide. 

Comme reactif sensible de I’ion Hg** nous employons Tion chromi- 
rhodanique Cr{CN8)^''\ 

Roesler,*) qui le premier prepara les sels chromirhodaniques, si- 
gnale que les chromirhodanures alcalins provoquent dans les solutions^ 
de chlorure mercurique un precipite volumineux rouge, difficilement^ 
soluble dans Facide azotique. II est evident que le chromirhodanure 
mercurique forme par cette reaction est tres peu soluble, moins soluble 
que les sels mercuriques des anions analogues (ferricyanure, cobalti- 
cyanure, nitroprussiate) qui, eux, precipitant bien les solutions des 
sels mercuriques fortement dissocies, mais pas du tout le chlorure 
mercurique. 


3a 
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Une scrie d’essais faits par moi a montr^ que le chromirhodanuro 
precipite les solutions diluees de chlorure mercurique mfime en pre- 
sence d’un grand exces de chlorures, les solutions de bromure et de 
rhodanure inercuriques, comme aussi les solutions faiblement aciduiees 
de cyanure mercurique. Seulement avec les solutions de Hgl^" ot de 
HgiSzO^)^' il n’y a pas de precipitation. 

Sensibilite de la reaction: 100 cc d’une solution de HgCl^ de nor- 
malite lO'^^ et acidulee par 1 0 gouttes de II NO^ 2 n donne avec 5 gouttes 
de K^Cr(CN8)^ 0*5 n imniodiatement iin trouble de valeur absolue 
de 0*00358 (au photometre Pulfrich). 

Faisonsremarquer queles essais faits pour determiner lemercuren6ph<5- 
lom<5triquement a T^tat de chromirhodanure n’ont pas donn^ de resul- 
tats utilisables. Avec les solutions au-dessous de n 10“^ I’intensite du 
trouble accusait des irregularit^s dues aux traces de rhodanure mis 
en libert(5 par les solutions du reactif. Le trouble forme dans les solu- 
tions de concentration un peu eleveo (des n de Hg*') subissait 

rapidement la floculation. 

Par centre, j’ai obtenu dc bons resultats avec un melange do cyanure 
mercurique et de rhodanure chromi])otassique. C'est en effet un indi- 
cateur sensible vis-a-vis dos ions H\ pour p//"~-‘4*0, qui a fait ses 
preuves dans une serie de titrages alcalimetriques et acidimetriques. 

La reaction qui s’y accomplit peut etre formulae comme suit: 

^Hg{CN)^^-2CT{CN8)^'^^ + ^ Hg^[Cr{CN8\]^ + % HCN , 

La reaction etant reversible le melange de cyanure mercurique et de 
rhodanure alcalino-chromique se laisse egalement appliquer aux ti- 
trages alcalimetriques, oh la fin est indiquee par Tapparition d’un trouble 
(de chromirhodanure mercurique), et aux titrages acidimetriques oh 
elle s© manifesto par sa disparition. 

Partio experimeiitale. 

Preparation de Vindicateur, — Le rhodanure chromipotassique a ete 
prepare, en suivant les indications de Mahr,*) k partir du chlorure 
chromique et du rhodanure de potassium; il a ete recristallise deux 
fois dans Falcool ethylique. Pour que Tindicateur soit sensible, il im- 
port© qu’il renferm© le moins possible de rhodanure (il ne doit done 
donner qu'une trfes faible reaction avec le FeCl^), Il faut le conserver 
k retat sec, car dans ses solutions, tant aqueuses qu’alcooliques, 
il se decompose au bout d’un certain temps. 



459 


Le cyanure mercurique employ^ 6tait un produit Merck. 

Indicateur; 6 gr de Hg{CN)^ et 1 gr de NH^NO^ dissous dans Teau 
et ramenes k 100 gr, constituent la liqueur de reserve* Avant le titrage, 
on dissout dans 10 cc 0*02 gr environ de K/Jr{CNS)Q et de cette 
solution on prend 1 cc pour 25 cc de liquide de titrage. 

La solution violette reste sans alteration 3 jours environ, af)res quoi 
elle se decompose lentement ce qui a pour suite d’abaisser sa sensi- 
bilite vis-^i-vis des ions H\ 

L’addition d’azotate d’ammonium a pour but d empecher dans les 
titrages acidim^triques raccroissement trop brusque de Talcalinite qui 
pourrait determiner la decomposition d’une partie du rhodanure chro> 
mique. 

Sensibilite de Vindicaleur, — La concentration en //’ a laquelle 
apparait le trouble, a ete determin^e au moyen des rcgulateurs 
prepares suivant les indications de Clark et Lubs^) et auxquels 
a 6t6 ajoutee une faible quantite d’indicateur. Le trouble commence 
a apparaitre pour une solution k pu = 4*0, pour des pn inf^rieurs 
il est de x)lus en plus intense. 

50 cc d'eau auxquels on a ajout^ 2 cc d’indicateur, se trou blent en 
quelqucs secondes par 1 goutte de HCl 0*1 n, instantanement par 
1 goutte de H(H 0*5 n. Le trouble disparait lorsqu'on ajoute la quantite 
equivalente d’alcali. 

Influence de la dilution dans le titrage par Tacide 0*5 w: 5 cc de 
NaOU 0*5 n ont et(5 titres par HCl de meme force. La consommation 
en presence de jaune dimethyle (5 gouttes d’une solution a 0*1%), 
pour un volume initial de 25 cc, etait de 5-03 cc de HOI 0*5 n. 

Titrage avec emploi de 2 cc d’indicateur de trouble: Le volume 
de NaOH 0*5 n mis en ceuvre etait constamment de 5 cc: 


Vohini« du liquide 

Consommation 

au d6but du titrage 

do HCl 0*5 n 

5 CC 

5*03 cc 

25 ,, 

5-03 „ 

50 „ 

5*05 ,, 

100 „ 

5*08 „ 

250 „ 

5*18 „ 


Dans les mfemes conditions on a opere un titrage de NaOH 0*1 n 
par HCl decinormal. Pour un volume de 25 cc la consommation etait 
de 5*05 cc de HCl 0*1 n (indicateur jaune dimethyle). Lc titrage en pre- 
sence de mon indicateur de precipitation a donn6 les chiffres que voici: 
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Volume du liquide 

Consommation 

au d4but du titrage 

de HCl 0-1 n 

6 CC 

6-03 cc 

26 „ 

5-05 „ 

60 „ 

5-10 

100 „ 

5-15 

250 „ 

6-28 „ 


L’indicateur ne peut pas 6tre utilise en presence d'iodures et de 
thiosulfates ou de quantit^s un peu considerables de bromures et de 
rhodanures. 


Titrages alcalimetriques. 

fitant donne que le pu auquel le nouvel indicateur fait apparaitre 
un trouble net, appartient au domaine de virage du jaune dimethyle 
(dimethylamino-azo-benzene), tousles titrages ont ete controlesit^raide 
d’indicateurs colores. On titrait soit a part des quantites egales de 
substance avec emploi de jaune dimethyle, soit en presence de Tun 
et I’autre indicateurs. Dans ce cas-l^i la fin du titrage a ete indiquee 

la fois par la formation du trouble et par le virage du colorant. 

Dans tons ces titrages alcalimetriques les points de transition con- 
cordaient. 

NaOH: 

NaOH 0-6 n titre par HCl 
NaOH 

miso on oeuvro 
1*00 cc 
5-00 „ 

10-00 „ 

25-00 ,, 


0-6 n. Volume au debut du titrage: 60 cc. 

Consomination 
de HCl 0-5 n 

1-00 CC 
6-06 „ 

10-10 „ 

26-26 „ 


I^es titrages faits en presence de Tindicateur de trouble ont 
donne les memes resultats meme dans le cas des liquides fortement 
colores par le violet de methyle ou le brun Bismark. 


CaipH)^: 

Le titrage a ete fait par HCl 0-1 n. Volume: 60 cc. 


Eau do 'chaiix 
miso en ceuvre 

10-00 cc 
26-00 „ 
60-00 


Consommation 
de HCl 0-1 n 

4-60 CC 
11-30 „ 

22 60 „ 
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NH^: 

Ammoniaque sensiblement 0*5 n, HCl 0-5 n. Volume 50 cc. 

Ammoniaque Consommation 

mise en oeuvre do HCl 0'5 n 

1*00 cc 1*03 cc 

5-00 „ 5-00 „ 

10-00 „ 9-93 „ 

25-00 „ 24-75 „ 


Carbonates alcalins: 


Mis on oeuvre 

Consommation 
de HCl 0-5 n 

Tronvo 

0*2818 gr 

Na^CO^ (Merck p. a.) 

10*62 CC 

99- 86% 

0*6459 gr 

Na^CO^ 

24*38 „ 

]0()02% 

0*5748 gr 

KHCO^ (Kahlbaum p. a.) 

11*50 „ 

100-15% 


Le borax se laisse titrer tout aussi bien que les carbonates alcalins. 

Les cyanures ne sauraient 6tre titr^s au moyen de mon indicateur, 
parce que le trouble n’apparait qu’apres le dopassement du point 
d’^qui valence. 

Titrages acidim^triques. 

Lorsque a une solution d’acide on ajoute mon indicateur, il se forme 
un trouble abondant. On titre alors par la lessive alcaline jusqu’a ce 
que la liqueur soit juste de venue limpide. Si Ton opere avec des acides 
autres que le chlorhydrique, il est bon d’ajoutor 1 — 2 cc de NaCl O’l n, 

HCl: 

HCl 0-5 n a 6te titr<§ par NaOH 0-5 n, Les deux indicateurs, celui 
de trouble et celui de virage (au jaune dimethyle) ont donn6 les 
memes valours. Volume au d6but: 50 cc. 


cc de HOI Consommation 

mis en oeuvre de NaOH 0*5 n 


100 

5*00 

10*00 

2500 


1*00 cc 
5*00 „ 
10*03 „ 
25*05 „ 
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La presence d’une faible quantity de chlore ou de brome libres^ 
qui d^truisent les mdioateurs color^s, ne gone point Je titrage au 
moyen de I’indicateur k trouble. 

H^SO^ sensibleraent 0*5 w, a 6t6 titr6 par NaOH 0-5 n dans les 
conditions indiqu^es pour HCL 


cc d’acide 
mis en oeuvrti 

500 

10*00 

25*00 


Consommation 
do NaOH 0*6 n 

5*15 CC 
10*35 „ 
25*80 „ 


HNO^: 


HNO^ sensiblement 0*5 n titre dans les memes conditions. 


cc d’acido 
mis on (xnivro 


Consommation 
do NaOH 0*6 n 


5*00 

10*00 

25*00 


5*35 cc 
10*65 „ 
26*55 ,, 


La pr(5sence d’acide azoteux no gene pas. 

L’acide phosphorique peut etre titre comme un fort acide mono- 
basique a ph= 4*35.®) Le point de transition de mon indicateur 5tant 
situ6 pres de cette valeur, il pout bien servir pour titrer Tacide phos- 
phorique jiisqu’au premier degre d’ionisation. 

Une solution d’acide phosphorique sedsiblement grr-moleculaire a 6te 
titr^e par NaOH 0*5 n en presence de notr© indicateur a trouble, puis 
separ^ment en presence de jaune dimethyle jusqu’& coloration jaune 
intense et de ph^nolphtal6ine (5 gouttes d'une solution a 1 %) jusqu’i 
teinte fortement rouge. Volume initial du liquide: 25 cc. 


cc d’acide 
mis en oeuvre 


Consommation 
de NaOH 0*6 n 
en presence de 
mon indicateur 


Consommation 
en presence 
de jaune 
dimethyle 


Demi-oon- 
sommation 
en presence de 
ph4nolphtal4ine 


1*00 

5*00 

10*00 

25*00 


1*05 cc 
5*18 „ 
10*33 „ 
25*50 


1*02 cc 
616 „ 
10-23 „ 
26-40 „ 


107 cc 
6-20 „ 
10 -30 „ 
26-66 „ 


99 
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HjOrO^: 

L’acide chromique lui aussi pent 6 tre litre comme un fort acide 
monobasique k p//r=r4‘0,’) Le titrage k I’aide d’indicatenrs colores 
presonte des diflicult 6 s considerables, parce que la coloration intense 
de Tion bichromate rend malaise Tetablissement de la fin du titrage. 

Au moyen de mon indicateur 1 ’acide se laisse bien titrer comme un 
acide monobasique. * 

La liqueur employee a etc preparee on dissolvant 26 gr d’anhydride 
chromique (Merck pro analysi, exempt d'H2SO^) k 1 litre. Son litre 
a ete etabli iodomctriquement; comme moyenne de 3 determinations 
on a trouvo 2 5540 gr deCrO^ dans 100 cc. 1 cc de NaOH 0*5 n correspond 
a 0*050005 gr de 6 VO 3 (0*05902 gr de Il^CrO^), 1 cc de NaOH 0 1 w, a 
0*010001 gr de CrO^ (0 011803 gr de H^CrO^Y 

Apres avoir ajoute 2 de NaCl 0*1 n et 2 cc de mon indicateur, on 
a litre par NaOH 0-5 n jusqu’a disparition du trouble. Vers la fin, 
il faut que le titrage soil fait avec precaution. Volume initial: 25 cc.. 


cc d’acide 
mis nn ccuvrc 

C’oTisommation 
de NaOH 0*5 n 

Trouv^ gr 
do CrO^ 

Difforonoo 
en gr de CVO5 

2*00 

1*00 CC 

0*0500 

-0*0011 

5*00 

2-50 „ 

0*1250 

— 0*0022 

10*00 

5- 10 „ 

0*2550 

.„0-()()()4 

25*00 

12-75 „ 

0*6376 

„ 0*0009 

50*00 

25-60 „ 

1*2800 

+ 0*0003 


(Jomme on le voit, les r 6 sultats son! satisfaisants. 

Le titrage inverse du chromate par Tacide n’est pas possible avec 
mon indicateur, car le trouble apparait trop tot. 

Le proced^ decrit ci-dessus peut etre applique avantageusernent k 
la preuve et au dosage de Facide chromique libre dans les bichromates 
alcalins. Ce dosage devient important surtout dans le cas oh Fon veut 
user du bichromate alcalin comme etalon iodometrique,®) car rneme 
les bons produits du commerce renferment parfois de Facide chromique 
libre. Pour doser ce dernier, on preconisait jusqu’ici le titrage conducto- 
m^trique. 

Voici comment on peut effectuer la 'preuve de Facide chromique 
libre dans le bichromate: On dissout 1 gr de bichromate dans 10 cc 
environ d’eau, on filtre au besoin, puis on ajoute a la solution froide 
et limpide 1 cc de NaCl 0*1 w et 1 cc de mon indicateur. 0*0005 gr de 
CrOg (0*05%) se trahissent encore par un trouble net apparaissant en 
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quelques secondes. Par centre, une solution de bichromate exempt 
d’acide libre reste limpide m6me apres plusieurs heures. 

Dosage d'acide chromique: 5 gr de bichromate, dissous dans 50 cc 
d’eau, sont additionn^s de 2 cc de NaCl 0*1 n et de 2 cc d’indicateur. 
On y verse lentement la NaOH 0*1 w jusqu’lt ce que la liqueur devieime 
tout k fait limpide. 

Le dosage a et^ op6r6 sur un bichromate de potassium obtenu par 
deux recristallisations du produit Kahlbaum (pro analysi) et qui n'a 
pas donne la reaction de Facide chromique libre. Puis on a ajout4 0*010 gr 
de CrOg. Consommation de NaOH 0*1 n : TO cc, ce qui s’accorde 
parfaitement avec la consommation theorique. 

De la maniere indiqu^e j’ai effectue le dosage de Facide chromique 
libre dans quelques bichromates de potassium du commerce: 


Produit 

Consommation 
de NaOH 0*1 n 

Trouv6 
*/. CrO, 

Kahlbaum zur Analyse 

P70 CC 

0-34 

Merck puriss. pro analysi 

2-60 „ 

050 

E. de Haen fiir Analyse 

1-50 „ 

0-30 

J. D. Riedel puriss. cryst. 

D. A. B. VI. 

3-20 „ 

0-64 

Schering-Kahlbaum puriss. cr. 

3-70 „ 

0-74 

Provenance inconnue 

6-00 „ 

1-20 


Resum6: 

Le systeme cyanure mercurique-rhodanure cliromique est un indi- 
cateur sensible de la concentration en ions H'; pour inf6rieur k 4*0 
il donne un trouble de chromirhodanure mercurique qui disparait 
pour pif inf^rieur k 4'0. 

Le nouvel indicateur peut etre appliqu^ au titrage des bases et des 
acides forts. II se laisse utiliser dans le cas des solutions color6es ou 
renfermant des corps d^truisant les indicateurs color^s. II permet, 
en outre, de titrer a vantageusement Facide chromique et d ’en rechercher 
ou doser de faibles quantit^s dans les bichromates. 

Institut de Chimie arudytique 
d r University Charles de Prague 
( Tchicoslovaquie ) , 
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SUE L’HYDRAZIDE l2.0XYSTfiARIQUE ET QUELQUE8-UNS 
1)E 8ES D£Riy£8 

par J. VOftlSEK. 

Les hydrazides des acides gras suj)erieurs prennent naissance dan» 
Inaction des acides gras, de leurs ethers-sels, chlorures ou amides sur 
I’hydrate d’hydrazine. Quand on opere avec Tacide gras libre, la re- 
action donne d’abord le sel hydraziniqiie qui se transforme en hydrazide 
par perte d’eau.^) Les ethers (chlorures, amides) d’acides gras donnent 
rhydrazide par perte respectivement d’alcool, de HCl ou de NH^}) 

Parmi les hydrazides des acides gras superieurs on a prepare 
celles des acides palmitique et stearique; parmi les derives diacylcs 
symetriques on connait ceux des acides palmitique, stearique, et 
comme derives mixtes Facetylst^arylbydrazine, I 'acetylpalmityl- 
hydrazine et racetyloleylhydrazine.^) 

Dans la formation de tous ces corps c'^tait uniquement le groupe 
carboxyle ou la liaison ethylenique qui entraient en jcu. La question 
se pose maintenant quelle sera la maniere de se cornporter des acides 
gras sup6rieurs renfermant une fonction alcooL J’ai t^tudie la question 
sur Vacide oxystearique obtenu a partir de Tacide ricinoleique par 
hydrogenation au moyen de I’hydrate d'hydrazine. 

Dans la preparation de I’hydrazide oxystearique je procMais de 
meme que dans cclle des hydrazides connues, mais le produit 
poss^dait une tendance marquee a se separer de ses solutions alcoo- 
liques k Tetat amorphe, g^latineux, sans qu’il ait 6te possible de le faire 
cristalliser en employant d’autres solvants. J’ai toutefois r^ussi k le 
purifier k T^tat de son hydrochlorure qui, lui, cristallise ais^ment 
et permet d’obtenir Thydrazide pure. 

Partie expmmentale. 

Hydrazide 12-oxyst6arique. 

Ceffis . OH{OH ) . [CH^\^^.GO . NHNH^. 

L^acide 12-oxyst6arique (p. de f. 81 — 82®) a 6te chauff^ avec un exc^s 
dehydrate d’hydrazine, au bain-marie et reflux, pendant 12 heures. 
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Le produit dissous dans Talcool a 6t6 additionn^ d’acide chlorhydrique 
jusqu’a reaction acide, le precipit^ a et6 filtre, lavt^ a Teau chaude, 
dissous dans Talcool et sature de gaz chlorhydrique. Les cristaux 
obtenus ont 6te recristallis^s deux fois dans Talcool sature de HCl, 
puis redissous dans Talcool seul. La solution a etc faiblement alcali- 
nis^ par NH^ et precipitee par un exces d’eau chaude, ce qui a donne 
rhydrazide sous forme d’^cailles de forme irreguliere, fusibles entre 
115*50 et 116-50. 

Le produit reduisait energiquement les solutions ammonia(.*ales 
d^azotate d’argent. II etait insoluble dans Tessonce de petrole, ties 
soluble dans Talcool a 96% chaud d’oh il se 8ej)arait a Tetat floconneux 
ou meme gelatineiix. 11 se laissait cristalliser uniquement dans un 
melange d’alcool-ether-essence de petrole (1:1:1) par evaporation 
lente de ses solutions dilu^s. 

Analyse clemontaire: 

Substance: 0-1829 gr, 14-55 cc (2()o, 752 mm). 

51-4 mgr, CO^ 129-5 mgr, H^O 57-05 7ngr. 

^^ 18 ^ 38 ^ 2^2 (314-31): Calcule C m-12%, H 12-19%, N 

TrouveC’ 68 - 7104 , H 12 - 4104 , N 8 - 96 04 . 

Hydrochlorure. II a cte obtenu en saturant de HCl gazeux une 
solution d’hydrazide dans raloool bouillant. Les cristaux obtenus, 
dont Taspect rappelait les fibres de cellulose, ont 6t6 recristallises 
dans Talcool sature de HCl, lav^s a Tessence de petrole et sechos a 
1100 . Ils fondaient alors de 162 a 163o. 

Dosage de chlore: 

0*2000 gr de substance ont ete calcines avec Na 2 CO^, puis Tion 
chlore a ete dose par titrage mercurim 6 trique d’apres la methode 
d’E. Votofiek. 

Consommation de Ag(N0^2 N jlO 5-81 cc. 

Cy^H^O^N^Cl (^ryO-1%): Calculi. C7 10 - 11 %. 

Trouve Cl 10-30 04 . 

Ac4tyl-12-oxystearylhydrazine symetrique. 

C^H^2 CH(0H) . [CH^iio^CO . NH . NH.CO . CH^. 

L’hydrazide initiale a chauff^e doucement avec un faible exces 
d^anhydride ac 6 tique (et un peu d’alcool) jusqu’a dissolution complete. 
Le refroidissement du liquide a separe de fines aiguilles groupies on 
pinceaux, Apr^s deux cristallisations dans I’alcool et lavage ulterieur 
avec Tessence de petrole, le corps pur fond entre 144 et 145o. 
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Indice d’ao^tyle: 

Substance; 0’5162 gr, KOH «/10 14-62 cc. 

(366-33): indice d’ac^tyle calculi 168-6. 

„ „ trouv4 168-71. 

Acetyl- 12-ac^toxystearylhydrazine sym^trique. 
C^H^^.CH(O.CO.CH^)\_CHi\^.CO .NH.NH .CO.CH^. 

Un melange d’hydrazide initiale et d’anhydride ac^tique a ^td 
chauS4 k I’ebullition k reflux pendant d’heure. Le liquide r^actionnel 
a ete additionne d’un exces d’eau chaude, et I’huile separ^ a 4t4 lav^ 
a I’eau bouillante, dans un courant de 00^, jusqu’^ disparition de la 
reaction acide. IjC produit ainsi purifie formait une huiJe epaisse jaune 
clair. 

Indice d’ac^tyle: 

Substance: 1-381 gr, KOH nj2 15-92 cf. 

(398-35): indice d’acetyle calculi 315-8. 

,, ,, trouv^ 317-6. 

Bis-1 2-oxystearylhydrazine symetrique. 

CtHi^.CH(OH).[CH^U.CO.Nn.NH.CO.[CH^\o.CH{OH).CtHii. 

A 10 gr d'hydrazide 12-oxyst6arique dissous dans 60 cc d’alcool on a 
ajoute par portions d’abord 2^r d’iode, puis d’un seul coup 6 gr en 
solution alcoolique. 

Le melange a ete verse, par portions et en agitant, dans 600 cc d’eau 
bouillante. Le produit s^pare a 6te lave k I’eau chaude, puis recristal- 
lis^ plusieurs fois dans I’alcool. 11 eat en aiguilles microscopiques 
fondant de 153 k 154". 

Dosage d’azote; 

Substance: 0-2478 gr, 10-6 cc (19-6®, 740-1 mm). 

O^H.,^)iN^ (596-68): Calculi N 4-67%. 

Trouve N 4-74%. 
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A CONTRIBUTION 

TO THE KNOWLEDGE OF THE LIQUID JUNCTION POTENTIALS. 

PART I. 


By J. B. CHLOUPEK, VL. Z. DANES and B. A. DANESOVA. 

In spite of numerous efforts the question of the liquid junction 
potential laws remains unsolved both in its theoretical and practical 
aspects. If we take into consideration its importance for the exact 
determination of the single potentials and, in this connexion, of the 
individual ion activities, we cannot wonder that this arduous problem 
was attacked afresh nowadays from several investigators. The older 
papers bearing on this subject were concerned mostly with the experi- 
mental testing of the theoretical expressions due to Nernst, Planck, 
Henderson, Pleijel, Negbauer, Lewis and Sargent, and the 
authors, as we are now aware, were far from realizing fully the intricacy 
of the task.^) Today we know that it is yet impossible to measure 
their “absolute” values without making some special and rather 
dubious suppositions. 

In one of our preceding communications*) we have made an attempt 
to ascertain the activity values of the silver ion in aqueous solutions 
of some electrolytes. That led us to study in detail the question of the 
liquid junction jMjtentials. Our results are assembled in this paper 
from the point of view of the behaviour of these potentials when the 
concentration and valency type of the electrolytes whose solutions 
servo to build up the junction change. For a measuring cell we chose 
one that taken alone has an e. m. f. (electromotive force) equal (or 
nearly equal) to zero,*) as far as our present day knowledge goes. 
What we measure in this manner, is the algebraic sum of the Uquid 
junction potentials in play in the cell. Such a cell is the following: 

HgjHgCl, O’l n KCl (bridging solution) O-l « HCl, HgCljHg. 

•) Naturally toUhoui tsounting the liquid junction potentials. 
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According to the theory of Debye and Htickel, the activity coef- 
ficients of CV both in 0*1 w KCl solution and in 0-1 w HCl solution 
are equal. The cell should therefore have no e. m. f. save that due 
to junction potentials. But, on the other side, this concentration 
(0*1 n) is already past the limits of validity of the Debye-Huckel 
formula; one has, therefore, to expect a slight potential difference 
due to the small divergence of these activity coefficients. Nevertheless, 
one can reasonably estimate this e. m. f. to be very small and to 
attain hardly the order of magnitude of the experimental errors 
involved. 

This cell, in various forms, was the subject of many investigations. 
For our treatment come into consideration the papers by Lewis, 
Brighton and Sebastian, — Fales and Vosburgh, — Harned, 
Me Innes and Yeh, — and Guggenheim.®) The workers here named 
chose various methods to realize the liquid junctions. In the later 
period, there predominates — especially in the papers of American 
origin — the “flowing junction” proposed by Lamb and Larson^) 
and ameliorated by Roberts and Fenwick. According to the liter- 
ature, it gives reproducible values. Nevertheless, there are also 
inherent drawbacks: the influence of the velocity of flow, the width 
of the junction,®) etc; we chose, therefore, another type of realization. 
Our device can be classed according to Guggenheim (1. c.) as the 
“free diffusion” type. The cylindrical symmetry demanded by the 
theory and supported by exj)erience is here rigorously maintained. 
Quite recently there appeared two papers by A. L. Ferguson, K. V an 
Lente and R. Hitchens®) who use a modification of this type and 
claim an extraordinarily good constancy wdth time. 


Apparatus. 

The measuring anangement has been previously fully described 
1)}^ us in this Collection (1. c. 2). We found it very advantageous for this 
sort of work to keep both the normal cell battery and the storage 
cell in the thermostat. The manufacture of the cells’) and their filling 
in vacuo or in a stream of hydrogen®) was carried out according to 
directions commonly ,ai>proved. The special form of our salt bridge 
vessels w ith water-jackets on their four branches has been shown 1. c. 
2, Fig. 3 and the procedure of superposing the solutions without 
mixing (by means of special pipettes with the narrow bore tips turned 
upward) was dealt with there. It is well to emphasize here that no 
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porous bodies were used in our systems (a source of errors commonly 
not appreciated enough.®) The temperature of the main thermostat 
was maintained at 25 ± 0-005® 0. 

The results. 

It is not our purpose to enter into theoretical evaluation of our 
results here. The older mathematical formulations of the problem 
are at variance with the present day theory of strong electrolytes. 
The new theory, on the other side, in its manifold and fruitful develop- 
ment has not yet come in closer touch with this problem. We give 
here directly our experimental results and leave the necessary discus- 
sion for the paper immediately following. 

The concentration of the junction solutions was varied from com- 
plete saturation to O-OOl n. Solutions more dilute than this limit 
give sometimes (according to the type of salt) rather inc^onstant 
values. When the e. m. f. of the cell maintained at 25® C showed to 
have reached a steady state, the junction was warmed slowly to 32® (' 
by moans of a stream of water from an auxiliary thermostat, circulat- 
ing in the water-jackets of the junction. The new equilibrium temp- 
erature was maintained for some time, the e. m, f. measured repeatedly: 
and then the temperature of the junction was lowered back to 25® (' 
and the measurement repeated. The result was considered valid only 
when the tw'o 25®-values of the e. m. f. coincided closely enough. It is 
interesting to note that in spite of the pronounced disturbance of 
the diffusion process due to these temperature changes the reproduci- 
bility was quite satisfactory, a sign of the stability of this type of 
junction. In order to obviate some possible objections to this manner of 
measuring of the temperature coefficients, we repeatedly checked our 
results in the following way: the junction tubes (previously warmed) 
were freshly filled for every measurement at both temperatures. 
The difference between the results obtained by these tw'o methods 
was approx, only 0-04 millivolts. The sensibility of our potentiometric 
arrangement was volts, the ‘"absolute” precision is, of course, 

lower and varying wdth several factors (concentration, th(5 valency 
type of the electrolyte etc.). The measurements were pushed to the 
limits of sensibility, even in cases where the tabulated values are 
rounded off. 

The temperature coefficients of the liquid junction potentials given 
here are to be regarded as informative numbers, not “absolute” 
values. 
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Table L 


Junction solution KOL 


jrmality 

Number 
of measur. 

E. M. F. 
millivolts 

Temp, coeff. 
0 -1 n KOI 

Temp, ooeff. 
O-lnJCCI 

Guggenheim 

4 

10 

4-34 

— 0-2 

— 2-8 

1-1 

2 

10 

4-36 

— 0-16 

— 2-2 

4-67*) 

1 

10 

8-65 

— 

— 2-0 

8-4 

0-6 

10 

12-41 

— 

— 1-9 

12-55 

01 

15 

27-08 

— 

— 20 

27-00 

0-05 

10 

36-63 

0-2 

— 2-1 

— 

001 

10 

56-87 

0-2 

-1-8 


0-006 

10 

65-85 

— 

— 


0-001 

10 

86-97 





The first item gives the concentration of the junction solution, the 
second the number of measurements averaged, the third contains 
the measured e. m. f. and the two following indicate the temperature 
coefficients of the diffusion potentials (see also 1. c. 2): 

0-1 n KGl, junction solution — junction solution, 0*1 w HCl 

The sign of the potentials is given as usual (the negative current 
from right to left). The last item contains the data obtained by Gug- 
genheim (1. c. 3) with his “free diffusion’’ junction. The concordance 
with our values is very good. In one instance only there is a marked 
discrepancy: for c = 4 n we were not able, in spite of repeated efforts, 
to obtain such a low value as is given by the author aforesaid. This 
seems not to be an experimental error on our side, for with potassium 
nitrate (containing an ion of very similar mobility), we obtained 
again values as high as in the preceding case. As regards the fimda- 
mental potential difference 0* 1 n KCljO - 1 n HCl^ we have the data of 
Myers and Acree^^) found 0-0277 volts, whereas the same case 
investigated by Fales and Vosburgh (1. c. 3) gives 0-0270 volts, 
and, lastly, Mac Innes and Yu Liang Yeh find 0-02678 volts for 
this difference. One has, however, to bear in mind that the researches 
cited were made with different types of electrolyte ‘‘bridges”. 


•) interpolated. 
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Table IJ. 


Junction solution. NaCl. 


Normality 

Number 
of measur. 

E. M. F. Temp, ooeff. 

millivolts 0*1 n KCl 

Ttmp. coelf. 
0 -1 n HCl 

5 

4 

7-0 

- 1*6 

3 

4 

3*2 

1-8 

1 

4 

5-0 

20 

0*5 

4 

19-7 

2-1 

0-1 

5 

29-3 

2-2 

0*05 

5 

36-8 

2-2 

001 

5 

57-3 


0005 

6 

65-1 


0-001 

6 

86-2 




Table III. 



Junction solution NUJU. 


Normal! t> 

Numbor 
of meaH. 

E. M. F. Temp, coeff. 

millivolts 0*1 n KCl 

Temp, coeff. 
01 n HCl 

5 

4 

6 

6 

- 3-0 

3 

4 

2-5 

1-8 

1 

4 

8-4 0*3 

2-5 

Of) 

4 

11-f) 0-0 

3-2 

0-1 

o 

31-0 

2-1 

0-05 

5 

38-4 

1-4 

0-01 

5 

56-6 

— 

0-005 

5 

04-6 


0-001 

0 

86-2 




Table IV. 



Junction solution KNO^. 


Normality 

Number 
of meas. 

E. M. F. Temp, coeff. 

millivolts 0*1 w KCl 

Temp, coolf. 
0-1 71 HCl 

3 

4 

5-0 

2-4 

1 

4 

9-7 

2-3 

0-5 

4 

13-4 

2-3 

0-05 

4 

36-0 

-- 2-2 

0-01 

5 

55-6 


0-005 

5 

66-2 


0-001 

5 

85-4 



34 
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Table V. 

Junction solution NaNO^. 


Normality 

Number 
of meas. 

E. M. F. 
millivoltR 

Temp, oooff. 
OlnKCl 

Temp, coeff. 
01 n HGl 

7-5 

4 

— 6-9 


— 1-4 

3 

4 

~ 1-3 


2*1 

1 

4 

7-1 


2-2 

0-2 

4 

20-4 


— 1-9 

005 

4 

36-2 


2-0 

0-01 

5 

56-2 



0-006 

6 

65-4 



0-001 

5 

85-8 





Table VI. 



Junction solution 

NH^NO^. 


Normality 

Number 
of meas. 

B. M. F. 
millivolts 

Temp, ooeft. 
01 n KC1 

Temp, coeff. 
0-1 w HCl 

10 

4 

— 0-9 


— 2-5 

7-6 

4 

0-6 


2-7 

3 

4 

4-7 


— 2-5 

1 

4 

9-1 


2-0 

0-4 

5 

15-2 


— 2-6 

0-1 

4 

27-6 


2-3 

0-06 

5 

35-9 




Table VH. 
Junction solution 


Normality 

Number 
of meas. 

E. M. F. 
millivolts 

Temp. coefE. 
O-lnKCl 

Temp, coeff. 
01 n HOI 

1-2 

4 

23-8 

M 

— 3-2 

0-4 

4' 

26-6 

0*8 

— 3-3 

0-2 

4 

29-3 

0-9 

2-8 

002 

4 

50-7 

0-9 

— 2-6 

001 

4 

68-67 

0-6 

_2*i 
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Table VIII. 


Junction solution (NH 4)280^, 


Normality 

Number 
of meas. 

E. M. F. 
millivolts 

Temp, coeff. 
0*1 n KOI 

Temp, coeff. 
0 *1 n HOI 

6 

4 

22*72 

1*8 

-- 3*8 

2 

4 

23*41 

1*8 

— 4*0 

0*8 

4 

24*1 

1*5 

- 3*4 

0*2 

4 

29*1 

1*0 

-3*6 

0*1 

4 

33*7 

0*9 

- 3*5 

0*01 

5 

57*6 

1*2 

2*6 

0*001 

5 

88*1 

0*6 

— 0*9 

0*0002 

7 

108*1 




Table IX. 

Junction solution, Na^O^. 

Number E. M. F. Temp, coeff. Temp, coeff. 

of meas. millivolts 0*1 KOI 0*1 n HGl 

4 22-4 1*0 - 2*6 

4 23*3 M 2*3 

4 24*5 1*0 ~ 2*4 

4 26*7 1*1 -2*6 

4 33*8 1*3 — 2*8 

Table X. 


Junctio7i solution ZnSOi^, 


Normality 

Number 
of meas. 

E. M. F. 
millivolts 

Temp, coeff. 

0 *1 n KOI 

Temp, coeff. 
01 n HOI 

6 

4 

16*4 

0*5 

™2*0 

3 

4 

18*1 

0*3 

1*8 

1*4 

4 

20*6 

0*6 

— 2*0 

0*4 

4 

27*1 

0*6 

--2*2 

0*1 

4 

37*0 

0*7 

— 2*8 

0*01 

5 

64*7 

0*6 

~ 2*0 

0*001 

8 

86*4 

0*0 

— 2*3 


Normality 

2 

1*4 

0*6 

0*2 

0*1 


34 * 
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Table XI . 




Junction solution MgCl^- 


Normality 

Number 
of mecus. 

E. M. F. 
millivolts 

Temp, ooeff. 
0*1 n KCl 

Temp, ooeff. 
0 *1 n HCl 

8 

4 

— 16*7 

0-6 

-30 

3 

4 

-- 7-7 

0-8 

— 2-4 

1 

4 

2*1 

0-5 

— 2-7 

0-2 

4 

16*0 

0*7 

~ 1-8 

01 

4 

23*7 

0-6 

- 1-8 

004 

4 

38*3 


- 1-9 

002 

6 

40-4 


- 1-4 

001 

5 

54-1 


~ 0-8 

0004 

7 

71-88 





Table XII . 




Junction solution KjOrO^ 


Normality 

Number 
of meas. 

E. M. F. 
millivolts 

Temp, coeff. 
0-1 n KCl 

Temp, coeff. 
0 -1 n HCl 

5 

4 

24-70 

0-7 

-- 4-3 

2 

4 

25-10 

0-9 

^ 4-1 

1 

4 

25-23 

0-9 

- 4-2 

0-5 

4 

25-73 

0-8 

3-8 

0-4 

4 

26-19 

0-9 

- 3-6 

0*332 

4 

27-90 

1-0 

- 3-3 

0*2 

4 

28-13 

0*8 

3-2 

0*1 

4 

32-21 

1-1 

- 3-2 

0*02 

5 

49-02 

1-0 

- 2-2 

0*01 

7 

56-79 

0-7 

- 2-8 

0*004 

7 

67-65 





Table XIII . 




Junction solution K^PefCN 


Normality 

Number 
of meas. 

E. M. F. 
millivolts 

Temp, coeif. 
0\n KCl 

Temp, coeff. 
0-1 n HCl 

2*72 

4 

26-67 

l-l 

- 35 

1*2 

4 

27-09 

0-8 

— 3-4 
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Normality 

Number 
of meas. 

E. M. F. 
millivolts 

Temp. ooefE. 
0*1 n KCl 

Temp, coeff. 
0 *1 n HCl 

0-4 

4 

28-59 

0-6 


0-2 

4 

31-16 

0-6 

- 3*2 

0-04 

4 

43-32 

0*6 

- 3*0 

0*02 

4 

49-81 

0*4 

2*6 

0-004 

6 

64-36 


™ 2*1 

0-001 

7 

82-23 




Beceived September 1933. 


From the Physicochemical Labaraiory, 
Faculty of Chemical Engineerings of the 
Cecki VysoM Uceni Technick^, Prague. 


Summary. 

This paper gives the experimental results of an investigation on the 
junction potentials in the cell: 

HgjUgCl, 0*1 w KCl (junction solution) 0*1 n UCl, HgCljHg. 

For junction solutions were chosen types of strong electrolytes where 
the influence of the charge type of ions and degree of symmetry should 
be clearly indicated in the results, the chief variable being the con- 
centration. The experimental realization of the ‘‘salt bridge” or liquid 
junction chosen for this work was that of the “free diffusion” type. 
The junction tubes (cylindrical symmetry) were water-jacketed on 
both sides in order to make possible the determination of the temper- 
ature coefficients of the liquid junction potentials, these coefficients 
forming an important basis for our treatment of the experimental 
results. These are given in the form of tables and their discussion is 
reserved for a paper immediately following this one. 
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POLAEOGBAPHIC STUDIES WITH THE DROPPING MERCURY 
KATHODE. — PART XXXVI. — THE CATALYSIS OF THE 
ELECTRO-DEPOSITION OP HYDROGEN DUE TO THE 
PRESENCE OF THE PLATINUM METALS 

by P. HERASYMENKO and I. SLENDYK. 

In previous papers'), 2 ) the present authors described the catalytic 
effect due to traces of platinum exhibited in the deposition of hydrogen 
from acid solutions at the dropping mercury kathode. In continuation 
of this research the effect of other metals of the eighth group of the 
periodic system was investigated, some results of which are presented 
in this paper. 

A great number of now phenomena observed during this work 
deserve a more detailed investigation than it was possible for the 
authors to accomplish until present. Owing to the unavoidable with- 
drawal of one of the authors, this investigation is temporarily inter- 
rupted. However it seems to us desirable to record what has so far 
been done. 

The method employed. When an acid solution containing a very 
small amount of platinum salt is brought in contact with metallic 
mercury the deposition of platinum immediately takes place, the 
mercury passing into solution. If the mercury is made kathode the 
oxidation of mercury is prevented and the current is consumed only 
for electrodeposition of platinum. 

The amount of platinum depositing in unit time at the dropping 
mercury kathode is, owing to the continual renewal of the electrode 
surface constant, and is directly proportional to the concentration of 
the platinum salt in solution. Thus the concentration of the electro- 
deposited platinum in the kathode surface can be easily controlled 
by changing the concentration of the platinum salt in solution. 

It can be calculated that when using a 3x 10~“* n, platinic chloride 
solution, only about 1 per cent of the kathode surface becomes covered 
with elactrodeposited platinum atoms. In the majority of our ex- 
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periments we used much smaller concentrations of platinum salts in 
solution, namely within 10^^ and 10^’ .^r.-equiv. per litre. 

Therefore, in our experiments only from 1 per cent to 0*001 per 
cent of the kathode surface was covered with platinum atoms. It was 
found that even such very dilute “amalgams” of the metals of the 
eighth group produce a pronounced change in the appearance of the 
current-voltage curve due to hydrogen deposition from acid solutions. 

The electrolysis was carried out in an atmosphere of nitrogen 
carefully purified from oxygen. The electrolysis cell consisted of two 
compartments. The kathodic compartment contained the solution to 
be electrolysed, the anodic compartment had the same solution but 
without the platinum salt. The mercury anode had to be placed in 
a separate compartment, because otherwise the concentration of the 
platinum salt in the vicinity of the kathode would not remain constant, 
(For other details of our exi)erimcntal arrangement I’efereiuje must 
be made to our previous publications.)^), 2) 

The reproducibility of the current-voltage curves of hydrogen 
deposition from acid solutions containing traces of platinum group 
metals depends upon a number of factors. Thus, wdion a very dilute 
solution of platinum salt was added to the investigated solution 
of hydrochloric acid, the catalytic effect was in general less ])ronounced 
than when the same equivalent from a more concentrated solution 
was added. This is ascribed to adsorption of platinum salt on the 
walls of the glass vessels and to reduction by impurities of organic 
nature; to this point it should be further borne in mind, that the 
effect of the metals of the eighth group on the hydrogen deposition 
is a heterogeneous catalysis and as such can be influenced to a high 
degree by the presence of traces of adsorbable matter acting as 
poisons. 

In carrying out these experiments due atttotion was paid to eliminate 
as far as possible the above mentioned complicating factors. 

Experimental results. 

The following elements of the eighth group of the periodic system 
were investigated as to their effect on the electrolytic hydrogen 
deposition: 

ruthenium, rhodium, palladium, iridium and platinum. 

Osmium. Only a few" experiments were carried out with the addi- 
tion of this element in the form of osmic acid, OsO^. Yet soon it was 
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found out that mercury is getting oxidized and that this caused 
irregular dropping of the capillary electrode and lead to irreprodu- 
cible curves. Traces of this element give similar results to those of 
platinum, but the catalytic effect on the evolution of hydrogen s(^ems 
somewhat lower than that of platinum. 

Platinum, l^he simplest catalytic phenomena were observed with 
platinum salt additions to acid solutions. 

In this case the current-voltage curve exhibits only one wave of 
the current wdiich is due to the catalysis of hydrogen de]>osition by 
platinum atoms at the mercury kathode surface. 



iTithioTice of the addition of platinic chloride on the current -volt acre curves 
in solutions of O'l n. HCl. 

This <*atalytic deposition of hydi-ogen starts at a kathode ]>otential 
w hich is by 0-1 — 0*2 volt more positive than the* potential of hydrogen 
deposition at the pui^ dropping mercury kathode. (See Fig. 1). 

It is notable that the dependence of the intensity {i) on the kathode 
potential (n) for the catalysed hydrogen deposition is given by the 
formula ;7r= 0*058 log i + const., whereas the non-catalytic reaction 
(on a pure mercury surface) follows the formula n ~~ 0*087 log i + const. 

When traces of platinum are present at the kathode surface, the 
emrent due to the catalytic hydrogen deposition reaches a state 
of saturation. This limiting current depends on the concentration of 
the platinum salt and on the concentration of h3^drions. (See diagram, 
Fig. 2.) 

Neutral salts considerably lower the limiting current of the catalyzed 
hydrogen deposition even when present in small concentrations. This 
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circumstance can also influence the reproducibility of the experimental 
results. The kathode potential of the catalyzed reaction is influenced 
by neutral salts in a similar manner as that of non-catalyzed hydrogen 
deposition. (Comp.^) and ^).] 

Iridium, The catalytic effect of this element is considerably greater 
than that of platinum. The accompanying polarograms (Figs. 3 and 4) 
show that concentrations of iridic chloride as low as 3 x n, IrCl^ 
strongly modify the shape of the cunent-voltage curve, whereas the 



• Fifr. 2. 

Depeiult^nce of th(3 catalytic curroiit on the concentration of liydnons and 

of platinic chloride. 

same concentrations of platinic chloride will hardly produce an effect 
in acid solutions of the same strength.. (The lowest curves in 
polarograms 3 and 4 correspond to pure acid solutions.) The cun*ent- 
voltage curves show in the presence of a trace of iridic chloride two 
bends of the current corresponding to two catalytic stages of hydrogen 
deposition. These two stages are denoted in the polarograms as and 
(\, At the second stage, O 2 , the current increases exponentially and 
approaches with increasing voltage a saturation value which is approxi- 
mately proportional to the concentration of iridium. At the first stage. 
Ti, the current increases slowly and almost linearly with the increasing 
applied E. M. F.; it acquires, however, the normal, exponential shape 
with a small tendency to pass into a saturation state in normal 
hydrochloric acid and at high concentrations of iridic chloride. 
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The two increases of the current of the catalyzed hydrogen deposition 
suggest, that iridum atoms must be present at least in two forms in 



Tlie curront-voltage curves in solutions of HCl, 

Curve 1 without iridium salt. 

Curves 2 -S with 0*7, 1*5, 3, 6, 12, 24, 36 micromols of IrClipcr litre. 



The current-voltage curves in solutions of 10~® n. HCl, 

Curve 1 without iridium salt. 

Curves 2 — 8 with 0*7, 1*5, 3, 6, 12, 24 and 48 micromols of IrCl^ per litre. 


the kathode surface in order to produce two catalytic stages. The 
form corresponding to C 2 must be present in a greater quantity than 
that which is responsible for the first stage, Ci, because the amount 
of catalysis ( == the height of the current) is greater at the second stage. 
Since the saturation currents in both catalytic stages are not well 
developed, the readings of the height of the waves could not be taken 
as exactly as in the case of platinum. We have therefore chosen as a 
measure for the catalytic activity of iridium the sum of the currents 
in the two stages. The dependence of the catalytic activity of iridium 



Fig. r>. 

f^opendence of the catalytic current on the concenti’ation of hydrions and 

of iridic chloride. 

on the concentrations of hydrions and of iridicj chloride is shown in 
the diagram, Fig. 5. Similarly as in the case of platinum the limiting 
current of the hydrogen deposition catalysed by iridium increases 
considerably from 0-01 71 , to about 0-5 n. HCl: a further increase of the 
concentration of hydrions changes the limiting current only slightly. 

On certain current-voltage curves especially in 0*1 n. hydrochloric 
acid one more catalytic stage could be observed in the presence of 
iridic salts. This third stage of catalysis appears at the kathode po- 
tential of 0*75 — 0*85 volt and reveals itself by a discontinuous bend 
of the current curve. This stage is denoted as C'J. (See polarogram 
Fig. 6.) 

The approximate values of the kathode potential at which individual 
catalytic stages take place are compiled in the following table. 




485 


Table 1. 


Kathode potentials of hydrogen deposition in the ])re8en()e of 


iridium 


O *) (T, C\ 


C\ 


nHCl 
01 n HCl 
0-01 n HCl 


— M7 V. 

— 1-22 
-- 1-28 


-0-9 V. — 0-7{?)v. 
_0-98 — 0-75- -0-85 

- 105 — 


-0-5— 0-6 V. 
- - 0-6 
__ 0-6 0-7 



The current-voltage curves in solutions of 01 n. HCl. 
Chu’vet 1 without iridium salt. 

Chirves 2 — 8 with 0*15, 0’3, 0*6, 1*2, 2*4, 4*8 and 9*0 inieromols of 

per litre. 


The difference of potentials between the catalytic stages is approxi- 
mately constant amounting to about 0*2 volt. 

Palladium, As already stated previously^), 2) the influence of this 
element on the hydrogen deposition at the dropping mercury kathode 
is vanishingly small. In order to produce the same effect as observed 
with platinic chloride an approximately hundred times greater concen- 
tration of palladium chloride was necessary. At first the effect of 
palladium on the hydrogen deposition seemed so small, that the authors 
believed that palladium atoms deposited at the mercury kathode have 
no catalytic activity and that the slight effect observable with some 

♦) The deposition potential at a pure mercury surface. 
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solutions of palladium chloride molar) was ascribed to the conta- 
mination of the palladium salt with other metals of the eighth group. 
However, this statement could not be proven decisively and, therefore, 
we assume at present that palladium atoms embedded in the mercury 
surface also possess a catalytic activity although a very small one. 

Rhodium. The characteristic current-voltage curves of hydrogen 
deposition catalyzed by electrodeposited rhodium atoms are shown 
in the polarogram Pig. 7. Here again we observe two catalytic stages 



The current -voltage curves in solutions of O’l n. HCL 
Slowly dropping mercury kathode. 

Curve 1 without rhodium salt. 

Curves 2—11 with 0*7, 1-3, 2‘7, 6*4, 10-7, 214, 32*7, 40, 51 and 62 
micromols of RhCl^ per litre. 

Cl and Og* At the stage the current iucreases exponentially accord- 
ing to the formula 

— 0-058 log i -f const. 

The first stage, develops only at higher concentrations of rhodium 
chloride; in the latter case the current increases sluggishly. It is seen 
from the polarogram Fig. 7 that the main proportion of catalysis 
takes place at the second stage, Cg. At higher concentrations of rho- 
dium chloride the current-voltage curves (curves 7 — 11, Fig. 7) indicate 
faintly also the third catalytic stage C\, 

The mode of the catalyzed electrodeposition of hydrogen is depend- 
ent on the rate of dropping, as is evident from a comparison of polaro- 
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grams Fig. 7 and Fig. 8. Both polarograms were obtained with the same 
concentration of hydrochloric acid and of rhodium chloride, yet with 
different capillaries used for the mercury kathode. The capillary in 
Fig. 8 gave a greater rate of dropping which reveals itself on the 
curves of Fig. 8 by an increased slope of the linear part of the current- 
voltage curves. [This linear current corresponds to the charging of 
the molecular condenser at the kathode interface, (^omp. •'*)]. 



Tho tnirreiit -voltage curves in solutions of 0*1 n. HCl obtaint^d with a quickly 
dropping mercury kathode. 

Curve 1 without rhodium salt. 

Curves 2 7 with 2 7, 4, 10*7, 27. 40 and 107 micromole RhCl^ per litre. 

The catalytic stage C\ — almost imperceptible in the curves of 
Fig. 7 — becomes very well developed when the rate of dropping 
has increased (Fig. 8). At the same, time the increase of the current 
at stage acquires a more regular, exponential shape. 

These phenomena indicate that the catalysis of hydrogen deposition 
with electrodeposited rhodium atoms can take a different course 
according to the time allowed for rhodium atoms to arrange in groups 
of varying catalytic activity. Hovrever, the authors do not consider 
the effect of the rate of dropping as definitely established, because 
in the experiments carried out with a quickly dropping kathode the 
solutions contained a trace of oxygen. What factor has the predomi- 
nant influence, whether the rate of dropping or the presence of a 
trace of oxygen, has to be decided by further experiments. At pre- 
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sent it may be stated that — whatever was the actual cause of the 
considerable differences in the shape of the current-voltage curves 
observed — the result was a profound change in the distribution of 
the atoms of catalyst effected by a slight change in the experimental 
conditions. 

The approximate kathode potentials at which different stages of 
hydrogen deposition take place at the mercury surface contaminated 
with rhodium are given in the following table. 

Table 2. 

Kathode potentials of hydrogen deposition in the presence of 
rhodium. 

O C\ C\ Cl 

0-1 n HCl - 1*22 V. - 105 v. - 0-8 v. —0-7 v. 

The catalytic activity of rhodium as judged from the total height 
of the limiting currents of all catalytic stages is considerably greater 
than that of iridium. Similarly as in the case of platinum and iridium 
the catalytic effect of rhodium depends also on the concentration of 
hydrions. The curves for this dependence are analogous to Figs. 2 and 5. 

Ruthenium has a still greater catalytic effect on the hydrogen deposi- 
tion than rhodium. The typical current- voltage curves obtained with 
additions of ruthenium are reproduced in Figs. 9 and 10. The shape 
of the current-voltage curves is in this case analogous to that observed 
with rhodium and iridium, viz, there were found three stages of hydro- 
gen deposition (Cj, C\ and C^) at similar kathode potentials. 

In this case also the main part of the catalysis takes place at the 
stage The increase of current is at this stage, especially at small 
concentrations of hydrions (e. g. n HGl), well characterized by 
the formula 

n— - 0-058 log i + const. 

At higher concentration of hydrions this simple relationship is not 
so evident owing to the superposition of the currents of stages and 
C\, The increase of current at stages Ci and C\ is very sluggish, so 
that in some cases the feurrent-voltage curve seems to correspond to a 
single electrochemical process characterized by the equation of the 
form Tc a log i -f const., where a is greater than 0*2. 

Such an erroneous interpretation could be given, e. g., to curves 
0 -8 in the polarogram Fig. 10; indeed we find similar faulty conclu- 
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sioBS in several recent investigations on overpotential, especially in 
cases where only a few points of the current-voltage curves have been 
actually measured and the size of the surface not defined. 

The total current due to the hydrogen deposition catalyzed by ruthe- 
nium increases with the concentration of hydrions considerably in the 
range between 10““^ to lO”^® n HCL 

At concentrations above . HCl the total height of the catalytic 

current remains practically constant, in which respect ruthenium 



The current-voltage curves in solutions of n. HCl. 

Curve 1 without ruthenium salt. 

Curves 2 — 8 with 0’7, 1*3, 2*7, 4*0, 10*7, 21*3, 42*7 micromols of RuCl^ 

per litr<=‘. 

seems to differ from other elements of the eighth group, wliich cause 
the catalytic current to attain its full value in a ca. 50 times greater 
concentration of hydrions (compare Figs. 2 and 5). 

Discussion of results. 

The above experimental results show that the elements investigated 
produce a considerable decrease in the overpotential of hydrogen. 
In the presence of traces of these elements at the kathode surface three 
stages of catalytic hydrogen deposition may occur, which have been 
denoted as C\ and The beginning of each catalytic stage on 
the current-voltage curve is characterised by a definite value of the 
kathode potential which, for example, in normal hydrochloric acid 
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is as follows: = 0-5 — 0*6 v,; C\ = 0-7 — 0*8 v,; = 0*9 v,, 

whereas the deposition of hydrogen at the pure dropping mercury 
kathode takes place at — 1*17 v. (from the normal calomel zero). 

The exact values of these potentials depend on the concentration 
of the catalyst and on the concentration of hydrions. Platinum and 
palladium produce only the stage which among all the catalysts 
investigated shows the liighest saturation current. 



Fif?. 10'. 

The current-voltage curves in solutions of 0*01 n, HCl. 

Curv(' J without ruthenium salt. 

Curves 2 — 8 with 0*7, 1*3, 2*7, 5*3 10*7, 21*3 and 42*7 micromols of RuCU 

per litre. 

Stages and C\ are shown perceptibly only on current-voltage 
curves obtained at considerable concentrations of the catalyst and 
of hydrions. 

The catalytic effect, measured by the height of the total current 
of all catalytic stages, strongly depends on the nature of catalyst used. 

A comparison of the catalytic effects of different catalysts in 0*01 n. 
hydrochloric acid is given in the diagram Fig. 11, where the total 
catalytic current is plotted against the concentration of the catalyst. 
(Simiiar diagrams were obtained for other concentrations of hydrions 
in solution.)*) 

A significant result of this comparison is that the catalytic effect of 
the elements of the eighth group is a function of their position in the 

♦) We do not compute numerical values of the catalytic currents in tabular 
form, owing to the approximate nature of these measurements. 
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periodic system. In the series Ru, Rh, Pd, ruthenium is the strongest 
catalyst, palladium the weakest. 

In the series Ir, Pt, iridium has a considerably greater effect than 
platinum. Osmium seems to be an exception to this. In the series 
Os, Ir, Pt, osmium has a somewhat lower total catalytic activity 
than platinum. 

It is interesting to note that E. Muller and K. Schwabe^) have 
found the reverse order in the catalytic activity of these metals 
considering the catalysis of the decomposition of formic acid. There 
palladium is the strongest catalyst. 



llie dependence of the catalytic current of hydrogen deposition in 0*01 n. HCl 
on the concentration of catalyst (g^r.-equiv. x 10—®). 

It is notew orthy that those metals of the eighth group which absorb 
hydrogen in appreciable amounts at room temperature (i. e. palladium 
and platmum) are the weakest catalysts in lowering the overpotential 
at the mercury kathode. 

Palladium, which has an exceptional ability to absorb hydrogen,, 
shows in our case an abnormally low catalytic effect on the deposition 
of hydrogen at the mercury kathode. In order to produce a perceptible 
effect on the current-voltage curve of normal hydrochloric acid an 
addition of about grr.-equiv. of palladium chloride is necessary 
whereas it is sufficient to add only 10~“’ grr.-equiv. of ruthenium 
chloride to obtain the same effect. 

The following tentative explanation is proposed for the occurrence 
of the three catalytic stages of hydrogen deposition observable in the 
presence of ruthenium, rhodium and iridium. 


35 * 
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During electrolysis these metals deposit at the dropping mercury 
kathode simultaneously with hydrogen atoms. As long as the concen- 
tration of the metal electrodeposited at the mercury surface is small, 
almost all atoms of the catalyst become embedded in the surface layer 
of mercury atoms so that their field of force (valency linkages) is to 
a great extent neutralized by the surrounding mercury atoms. These 
partially ‘‘bound” atoms act as catalytic centres for the formation 
of hydrogen molecules, which reaction takes place at a kathodic poten- 
tial not very distant from that of the hydrogen deposition at the pure 
mercury surface. This process corresponds to stage C 2 in the current- 
voltage curves. 

Now, the cohesive forces between the individual atoms of platinum 
or palladium are not so great as those of Bu, Rh and /r, judging from 
their lower melting points in comparison with those of Ru, Rh and 
It. Therefore, the atoms of electrodeposited platinum or ])alladium 
are not inclined to aggregation and may be held in the mercury 
surface even in a true solution under the formation of dilute 
amalgams. 

On the other hand the surface solutions of ruthenium, rhodium or 
iridium atoms should be more susceptible to aggregate into polyatomic 
complexes which would be more effective in the catalysis of evolution 
of hydrogen. 

Larger concentration of the catalyst in the mercury surface increases 
the probability of aggtegation, the formation of which will depend 
also on time. A kathode with a slowly growing surface should, there- 
fore, show a different aggregation and distribution of the atoms of 
a catalyst than a kathode with a quickly growing surface. 

Now, the freshly electrodeposited atoms of the catalyst will form 
an atomic solution equally distributed over the surface. We regard these 
as responsible for the catalytic stage Cg. With increasing concentration 
of catalyst the atoms will arrange in pairs or triplets, but still their 
field of force will remain strongly weakened by the underlying and 
surrounding mercury atoms. These particles will promote catalysis 
at stage G\. 

A further increase of the catalyst concentration will induce these 
complexes to aggregate to larger particles probably of a micro-crystal- 
line nature. At these particles the hydrogen overpotential should have 
the smallest value and on them the catalytic stage will take place. 

The three different groups of catalytic centres are illustrated by the 
sketch Fig. 12. 
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The dependence of the intensity on the kathode potential at the stage 
C 2 is in all cases where this relationship could be exactly followed 

TT = — 0-058 log i + const. 

This simple relationship can be explained by the assumption that 
all non-segregated, partially bound atoms of the catalyst are in 
a uniform state. For this case the theory of overpotential developed 
by J. Heyrovsky®) leads to the above formula.*) 



SOLUTiON 

mH(X)E 


STAQi Cf 



SOLUTION 

mmE 

SOLUTION 


STAQI On 


KATNODE 


STAGE Ci 



O-H^-ATOMS. Q - ATOMS OF THE CATALYST 
Fig. 12. 

The increase of the current at stages and C\ is usually not so 
regular as at the stage Cg, but the current rises sluggishly and almost 
linearly with the increasing applied voltage. This abnormal shape of 
the current- voltage curve is ascribed to the presence of a number of 
catalytic centres having different activities. When the deposition of 
hydrogen has attained its saturation value at the most active centres, 
the reaction can proceed further (on an increase of the applied voltage) 
at other catalytic centres of a slightly lower activity. 

It has to be assumed that each t3rpe of the aggregated atoms contri- 
butes a certain activation energy for the formation of molecular hydro- 
gen and that, therefore, to each type corresponds a current-voltage 

*) The relationship between the current inU^nsity and the kathode potential 
as well as other phenomena bearing on the theory of overpotential will be dis- 
cussed in a future paper by one of us. 
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curve of the shape — a logjo i + 6. The different types of catalytic 
centres differ mainly in the value of the constant 6, whereas the 
constant a equals at room temperature, in most cases 0*058. 

Since the extent of aggregation depends on time, conditions may 
be found at the dropping mercury kathode under which one of the 
types of the aggregated particles will predominate. 

At a slowly growing surface of the kathode catal 3 rtic stage C\ is 
almost entirely absent (Fig. 7), where^is at the quickly growing kathode 
surface the catalytic stage C"] predominates over the stage (the latter 
appears only at a great concentration of the catalyst). Complexes 
producing the stage C\ have probably the least stability. The depend- 
ence of the aggregation on time manifests itself also within each group. 
Thus, at the quickly dropping mercury the shape of the current- 
voltage curves at stages and C\ approaches the simple exponential 
character, indicating the predominance of the aggregated types and 
C\, On the other hand, at a slow rate of dropping the electrodeposited 
atoms of the catalyst have time enough to aggregate into numerous 
complexes of different catalytic activity; the individual current- voltage 
curves due to these different complexes superpose giving a current- 
voltage curve of no exponential character. 

The large increase of the limiting current of the catalyzed evolution 
of hydrogen within the 0*01 and 0*05 n. concentration of hydrions 
(Figs. 2, 5) is in agreement with the deducjtions drawn by the present 
authors from their observations of overpotential at the pure mercury 
kathode.^) There it was ascertained that the largest increase of the 
adsorption of hydrions also occurs in concentrations between 0*01 
and 0‘05 n. 

At still greater concentrations of the acid the amount of hydrions 
adsorbed at the mercury kathode tends towards saturation and we 
therefore observe a limiting current of the catalyzed electro-deposition 
of hydrogen. 

Finally it should be pointed out that the totally indiffei’ent be- 
haviour of the metals adjacent to the platinum group, viz. of copper, 
silver and gold, is in accord with the above explanation. 

These metals do not change the overpotential of hydrogen when 
deposited at the dropping mercury kathode from acidic solutions 
[1. c.i)]; the reason for this is that they exist in the mercury phase 
in a true, i. e. atomic solution and have the deposited atoms con- 
siderably hydiOTgyrated owing to their affinity for mercury. Such 
dilute amalgams cannot, of course, cause any catalytic effects accord- 
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ing to the process pictured above. Palladium, which possesses dis- 
tinct affinity for mercury, loses a large part of its catalytic activity 
no doubt in the same way. 
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Summary. 

The catalytic effect of traces of ruthenium, rhodium, palladium, 
iridium and platinum on the electro-deposition of hydrogen at the 
dropping mercury kathode has been investigated. 

The elements produce in general three stages in the catalytic deposi- 
tion of hydrogen: stage C\ at — 1-2 v., stage C\ at — 0*9 — 1*05 v.; 
stage C 2 at ' — 0*5 — 0-7 v. (from the normal calomel zero). Platinum and 
palladium show only the stage (7j. The occurrence of the three stages 
of the catalytic hydrogen deposition was explained by the formation 
of throe types of catalytic centres having different catalytic acti- 
vities. These differences are due to aggregation of atoms of the catalyst 
into polyatomic complexes at the mercury surface. 

The total effect of catalysis — measured by the sum of the limiting 
currents of all catal3rtic stages — depends on the position of the 
catalytically acting element in the periodic system. 

In the series Eu-Rh-Pd palladium is by far the weakest catalyst; 
platinum acts considerably less than iridium. 

The development of various catalytic stages depends on time; by 
varying the rate of dropping the catalytic effects of stages or C\ 
can be either intensified or suppressed. 

The limiting current of the catalytic hydrogen deposition greatly 
inoreases with increasing concentration of hydrions up to about 0*05 n; 
further increase of the concentration of hydrions produces a slow 
increa^8e of the limiting current towards a maximal value. 
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SUR LA JV-PH^NYLPIP^RAZINE 
(Recherches sur les bis- [)S-halog^noethyl] -amines III.) 

par V. PRELOG et G. J. DftlZA. 

Les derives monosubstitues a Tazote de la piperazine sent peu 
connus. La fixation des divers r^actifs sur la piperazine s’effectue 
ordinairement de maniere symetrique, c’est-a^dire porto sur Tun et 
Tautre atomes d’azote. Comme exemples d’une fixation unilaterale 
citons ici les essais faits par T. S. Moore, M. Boyle et V. M. Thorn’) 
en vue d’obtenir les derives rnonoacyl^s et autres, puis ceux de Four- 
neau^) et de ses collaborateurs qui reussirent a fixer les oxydes d’ethy- 
I6ne unilateralement a la molecule de la piperazine, et cela dans une 
r(?.action assez nette. Comme exemples singuliers signalons enfin les 
derives obtenus par Oodchot et Mousseron®) dans Faction des 
a-chlorocetones alicycliques sur la piperazine. Par centre, on ne connait 
presque pas de derives simples -AT-monoalcoyles ou jV^»monoacylds. 

En consideration du fait que Fintroduction de groupes basiques 
ultcrieurs dans la molecule d’un medicament basique modifie souvent 
d’une fagon avantageuse ses proprietes therapeutiques, nous avons 
essay^ d’^laborer une methode de preparation des piperazines iV-mono- 
substituees k partir des amines primaires et de leurs derives suivant 
le schema 

R.NH^ + yNH X - . R,n( yNH 

X ch^ch/ ^ch^ch/ 

Ainsi que nous Favons montre anterieurement,*) les sels de bis- 
[/5-halogenoethyl]-amines sont aisement accessibles k partir de la 
diethanolamine technique. 

Au cours de notre travail nous avons etabli que dans le cas des 
amines grasses la reaction se complique par le fait que ces bases 
mettent en liberte de leurs sels les bi8-[/8-halogenoethyl]-amine8. Ces 
demieres subissent alors des transformations dont Fun de nous rendra 
compte dans une communication ult6rieure. Par contre, la reaction 
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est nette avec les amines aromatiques primaires,*) dont la basicity 
est moins prononcee. Comme produit principal de la reaction de 
Taniline et del’ll ydrochlorure de bis-[j8-chlor<5thyl]-amine oudeThydro- 
bromure de bis-[/S-bromo4thyl]-amine, on obtient la N -phenylpip^razine 
(I) a cote d’une moindre proportion de bis-[)8-ph6nylamino4thyl]- 
amine (il): 

I. (\h^n( )Nh ir. yNFf 

XJK,CH/ C\H,NH .CH^CIl/ 

La ^-phenylpip^razine constitue un liqnide huileux incolore, inodore, 
fortement basique qui attire I’acide carbonique de Tair atmospherique 
en se transformant en son carbonate cristallise, blanc. Elle donne des 
sels avoc 1 equivalent d’acides halogenehydriques. Ses propriet^s 
physiologiques prc^sentent un interet particulier. Comme Tout montre 
des essais preliminaires,**) elle exerce, merae en faibles doses, une 
action fort ^nergique sur Forganisme. En effet, elle accelere le pouls 
et la respiration, ]m)voque une hypersensibilite a Fexcitation ext6- 
rieure, et la dose de 0*1 f/r/1 kg (lors de Fapplication sous-cutan^o chez 
le lapin) elle determine mdme lamort. Sous ce rapport la iV -phenyl- 
piperazine differe done essentiellement de la piiierazine ot de ]a>N-N'- 
diphenyl piperazine qui constituent des corps assez indifferents au 
point de vue physiologique. Pour les propri6t6s physiologiques des 
piperazines iV'-monosubstituces nous renvoyons a un memoire ult6- 
rieur. 

L’acylation de la A' -phenylpiperazine respectivement par les chlorures 
d’acetyle et do benzoyle au sein d’lm dissolvant anhydre nous a foumi 
les hydrochlorures de la AT -acetyl- ou iV-benzoyl-A^-phenylpiperazine 
avec unrendement prescpie quantitatif. Deces sels Falcali met ais^ment 
en liberte les bases libres. Le chlorure p-tolufenesulfonique en presence 
d’alcali nous a donne la A^-p-toluenesulfo-iV-phenylpiperazineen beaux 
cristaux. 

En sa qualite d’amine aromatique tertiaire la A^-phenylpip^razine 
se laisse ais^rnent copuler avec les sels diazonium. Nous avons pr6par6 
ainsi le 4'-nitro-4-piperazyl-azobenzene et le 4-pip6razylazobenzfen6- 
4 '-sulfonate de sodium. 

L’extension de la .reaction de la bis-[/5-halog6no6thyl]-amine k 
d’autres amines, et Fapplication des corps ainsi obtenus feront Fobjet 
d’una prochaine publication. 

*) La reaction fait I’objet de la demande de brevet tch^coslovaque No 6,777-38. 

**) Nous devons ces essais k Famabilit^ de M. J. Kosiok;^. 
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Partie exp^rimentale. 

iV'-Plienylpiperazine. 

40prdechlorhydrate de bis-[/J-chloroethyl]-amine dissous dans 140^1* 
de methanol ont 6t6 chauffes, au bain-marie ot a reflux, i)endant 16 
heures avec 40 gr d’aniline. Apres refroidissement, le produit s’est 
separ^ en cristaux qu’on a purifi6 par une cristallisation dans le 
methanol. Les eaux meres ont foumi une portion ulterieure de produit 
cristallis^. Le rendement total etait de 21 gr. Du sel, la base huileuse 
a 6te liberee par le ]:)rocede habituel, puis repris dans Tether ctsoumise 
au fraciionnement sous pression reduite. A cote d’une proportion j)eu 
considerable de produit de tete et de ])roduit dc queue la N phcmyl- 
pip6razine pure distillait entre 162 et 164® sous 22 mm de meroure, 
avec un rendement de 12 gr. Lors d’une nouvelle distillation le corps 
bouillait a 156® sous 6 mm de mercure (temperature du bain: 190®). 
La nouvelle base constitue un liquide liuileux, inoolore et inodore, non 
miscible k Teau. Poids spfkufique — 1-0725. Indices de refraction 
a 16-8® 


7ia — 1*58443 Til} 

~ l-r>‘M)53 n^-- 

- 1*60665 

H, — 1 

*62135 


a 

D 



(i - - a 

y — a 

M calcule 

49*76 

50*12 

50-96 

51*65 

1*200 

1*875 

M trouve 

50*71 

51*14 

52-26 

53*28 

1*558 

2*576 

EM 

f 0*95 

+ 1*02 

+ 1-30 

+ 1*63 

% 0*358 

f 0*701 

ZM 

-f 0*58 

+ 0*63 

+ 0-80 

f 1*01 

+ 30% 

4- 37% 

Analyse: 








Substance: 161*4 mgr; 00^ 439*7 mgr, H 2 O 127*7 7ngr. 

5*068 mgr; 0*763 cem (17®, 732 mm). 

C^oHuN^ (162*0): Calcule C 74*07 ®/o, 7/8*64®/;,, N 17*28%. 

Trouve C 74*32®/^, H 8*80®/% N 17*11®/% 

Les eaux meres apres Thydrochlorure de xV-phenylpiperazine ont etc 
evaporees 4 sec, la base en a ^t^ lib4r/»o conime ci-dessus, puis 
fractionn^e dans le vide. A o6t6 de Taniline inalteree et de 3*5 gr 
de phenylpip6razine on a pu isoler 8*8 gr d’un corps huileux, jaunatre, 
distillant entre 271 et 272® sous 22 mm de mercure (bis-[)8-ph6nyl- 
aminoethylj-amine). 

De mdme qu’avec Thydrochlorure de bis-[/?-chloro(Sthyl]-amine Tani- 
line r4agit avec Thydrobromure de bis-[/8-bromom6thyl]-amine, meme 
beauooup plus rapidement. En employant, pour enlever Tacide brom- 
hydrique, le carbonate de sodium anhydre au lieu de Texete d’ani- 
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line, nous avons obtenu la JV-ph^nylpip6razine avec un rendement 
atteignant presque 90%. 

Hydrochlorure: On Tobtient le mieux en employant 1 mol^ule 
d’acide chlorhydrique en solution alcoolique. Recristallise dans Talcool 
absolu il se s^pare en minces prismes allonges, fondant constamment 
It 247® avec decomposition (p. de f. non corrige). 

Le sel a ete analyse apres dessiccation sur H^SO^, 

Substance: 6*317 mgr; N^, 0*775 ccm (13*5®, 747 mm), 

(197*44): Calcuie N 14*19®/o. 

Trouve N 14*3%. 

Hydrobromure: Nous Tavons prepare par cristallisationduproduit ob- 
tenu lors de la condensation de Thydrobromure de bis-f/J-bromoethyl]- 
amine avec I’aniline. Point de fusion 250 — 252® (aprfes cristallisation 
dans ralcool). Pour Tanalyse, le sel a ete seche It 110® dans le vide. 

Substance: 163 mgr; AgBr 127*1 mgr. 

^ 10 ^ 16 ^ 2 ®^ (243*9): Calcuie Br 32*76%. 

Trouve Br 33*1 ®/o. 

iV'-acetyl-N-phenylpiperazine. 

On melange une solution etheree ou 'benzenique dW-phenylpipera- 
zine avec une solution de chlorure d’acetyle. On voit se separer imme- 
diatement un precipite blanc. Apr^s un court repos, le produit est 
essore, puis transforme eri base libre par action d'alcali. Cette derniere 
se prend aussitot en cristaux et fond, apr^s une recristallisation dans 
un melange de benzene et d’ether de petrole, It temperature constante 
de 96®. Elle est en baguettes blanches, tres solubles dans Teau et les 
autres solvants courants sauf Tether de petrole. Elle a ete analysee 
apres dessiccation dans le vide. 

Substance: 4*736 mgr; N.^ 0*562 ccm (20®, 747 mm). 

(204*0): Calcuie N 13*72^4. 

Trouve N 13*6 ®4. 

U hydrochlorure a etc obtenu It Tetat pur en recristallisant le preci- 
pite forme par acetylation en solution dans Talcool absolu. Une seule 
cristallisation a suffi ppur Tamener au point de fusion constant de 
213 — 214®. II a ete analyse aprfes dessiccation dans le vide sulfurique. 
Substance: 5*395 mgr; 0*559 ccm (18®, 728 mm). 

(240*44): Calcuie N ll*65®/o. 

Trouve N 11*66®4, 
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JV'-Benzoyl-iV -phenylpiperazine. 

Sa preparation est analogue a celle du derive acetyie. Apren recris- 
tallisation dans un melange de benzene et d'ether de petrole, la base 
libre fond de 96 97®. Son analyse se rapporte a la matiere dessochee 

dans le vide sulfurique: 

Substance: 6*725 mgr; 0*644 ccm (21®, 735 mm). 

(266*0): Calculi N 10*52%. 

Trouve N 10*76%. 

1/hydrochlorure fond k 244® apres cristallisation dans I’alcool methy- 
lique. 

Substance (sechee dans le vide sulfurique): 

5*461 mgr; iVg 0*466 ccm (21®, 731 mm). 

(302*44): (.^alcule N 9*25%. 

Trouve N 9*51%. 

A'“ 7 >Toluene>sulfo-A^-phenyl})iperazine. 

La A^-phenylpiperazino a etc agitee pendant quelques houresavecun 
exces de chlorure p-toluenesulfonique etune lessive de soude a 20%. 
Ije produit cristallin a etc recristallise daiivS Talcool d’oii il se s^pare 
en longues aiguilles fusibles entre 199et 200® (non corr.). 1/ analyse a ett‘ 
faito sur un produit seche dans le vide. 

Substance: 6*137 mgr; iVg 0*496 ccm (23®. 736 mm). 

(316*05): Calculi N 8*86%. 

Trouve N 9*04 ®/o. 

4'-NitrO“4-piperazyl -azobenzene. 

line solution de chlorure de p-nitrobenzenediazonium preparce de 
la maniere habituelle a etc versee dans uno solution de 1*62 gr dW- 
phenylpiperazine dans 10 cc d’eau et 0*7 gr d'aeidc acctique anhydre, 
additionn^e de 4 gr d'acetate de sodium. Le preeipite brun rouge 
a et^ lav6, puis cristallise dans I’acide acctique anhydre d'oii il se 
depose k r^tat de diac6tate brun rouge. Le point de decomposition est 
situe vers 250®. 

Analyse du corps s6ch^ dans le vide au-dessus de potassecaustique: 

Substance: 6*765 mgr; 0*978 ccm (16®, 730 mm). 

O2oHuO^N^(4S10): Calculi N 16*21 ®/o. 

Trouve N 
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La base libre est brune, tr^s pen soluble dans les divers solvants; 
dans les acides min^raux pas trop 6tendus elle se dissout avec une 
couleur rouge cramoisi. 

4-Pip6razyl"azobenzene-4'-sulfonate de sodium. 

II a prepare en copulant le p-diazosulfonate de sodium avec une 
solution de iV-ph6nyl-pip6razine dans Tacide ao^tique dilu4. Le colo- 
rant orang6 clair a 6te recristallis^ dans Talcool dilu^. II forme alors 
de belles ecailles qui se decomposent vers 210®. 

Analyse du corps seche a 110® dans le vide: 

Substance: 5-908 mgr; 0-794 ccm (19®, 739 mm). 

Cj^H^^O^N^SNa (368*0): Calculi N 15-21%. 

Trouv(5 N 15-01%. 

Bis-[/8-phenylaminoethyl]- amine. 

La base huileuse distillant entre 268 et 276® sous 22 7nm et obtenue 
comme produit secondaire dans la preparation de IW-phenylpiperazinej 
a 6te tran8form6e par une petite quantity, d’acide chlorhydrique en son 
hydrochlorure. Ce dernier a et6 purifi^ par trois cristallisations dans 
Talcool. II forraait des fcailles faiblement color^s, fusibles a 237® (non 
corr.) qu’on a soumises aTanalyse aprte dessiccation k 110® dans le vide. 
Sa composition etait alors celle d’un monohydrochlorure de bis- 
[)8-ph6nyl-aminoethyl]“amine. 

Substance: 102*7 mjr; AgCl 61-1 7ngr. 

6*074 mgr; 0*770 ccm ("19®, 737 rrm>). 

(292*44): Calcule CT 12*12®/o, N U-^2%. 

Trouv6 67 12*30®/o, N U-^0%. 

Laboratoire de la maiaon 
0. J. Dfiza PragTie-HoleSovice 
(Tchdcoslovaquie ). 
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LA TRIBOLUMINESCENCE DES HALOGENUBES MEllCUREUX 

par J. H. KftEPELKA ot 1). F. NOVOTNV .*) 

En raison de leur caractere et de leur duree les ])henomenes de 
scintillation provoques par action e*xterieure sur les halog^nures 
mercureux purs et secs ont ete ranges j)armi les phenomenes de 
triboluminescence (voir Collection V, 9 et 10, 1933). Pour com- 
pleter Tetude qualitative de cet interessant phenomene, qui est en 
rapport etroit avec le haut degre de purete de ces sels, nous avons 
poursuivi nos observations sur des substances ultra-pnres et ultra* 
seches surtout en vue de determiner 1 ’influence de la dispersion, 
des traces d’humidite et d’autres fa(?teurs variables sur la tri- 
boluminiscence provoqu6e. 

1. Influence du de^re de diviaion on de la forme crisfalUne. — Le 
(jhlorure et le bromure mercuriques sont des poudres amorj)hes tres 
finement divisees. Aussi leur scintillation est-elle la plus intense de 
toutes. Lors du broyage en capsule d’agatc les phenomenes de scin- 
tillation sont en somme tres faibles, Teffet du broyage est presque 
mil. 11 est vrai que, sous Finfluence de rhuraidite, rintensite subit 
une leg^re diminution, mais la dessiccation repetee finit par la ra- 
mener k la valeur initiale. Les produits rnacrocristallins obtenus par 
sublimation soignee dans une atmosphere inertc presentent une intensite 
de scintillation essentiellement plus faihle coraparativement aux pro- 
duits amorphes, le ph6nomene est toutefois d’une durce assez longue , 
de sorte qu’il fait Timpression d’uno scintillation continue,, permanente. 
Pendant le broyage de ces cristaux il ne se produit aucune augmen- 
tation de rintensite. Le phenomene est tres faible, meme plus faible 
que lore du broyage des produits obtenus par precipitation. Une aug- 
mentation perceptible de la scintillation n’apu 6tre obtenue qu’avec les 
produits cristallis^s, sublimes, qu’on abroy^s m^caniquement d’une ma- 
nifere trfes parfaite, c’est-^i-dire r^duits en fine poudre. L’observation a ^t^ 
,r^pet4e, d'une part, sur le ohlorure mercurique sublime qui avait 6te 

*) M^moire pr4sent4 k la Ceskd Akademie v6d a um^ni (Acatlomie t cheque 
Scienoes et dm Arts) le 10 novembre 1932. 
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primitivement pr4par6 par precipitation, d’autre part, sur le calomel 
nature! (mineral) qui k Tetat cristallise naturel presente une scintillation 
tres faible mais qui augmente considerablement apres broyage soigne. 

Quant au chlorure mercurique, I’etude en etait moins aisee, parce 
qu’il est fort difficile d’en obtenir des preparations amorphes. Nean- 
moins nous avons reussi, par evaporation lente d’une solution chlor- 
hydrique d’oxyde de inercure obtenu par precipitation, k preparer un 
produit k grain tres fin et qui offrait une scintillation plus intense 
que celle du produit macrocristallin, mais de duree plus courte. l)e 
meme, le bromure mercurique, cristallise dans Teau chaude sous forme 
de grands feuillets brillants, montre au debut, pendant que ses 
cristaux sont orientes les uns aux autres de maniere egale en 
couches regulieres, une scintillation tres faible, mais qui s’accroit 
par le broyage et la destruction des couches. La production d’une 
scintillation continue lors du melange des produits cristallises (en meme 
temps parfaitement secs) i)eut etre aisement expliquee en admettant 
que les cristaux gros, bien dcVeloppes, ne peuvent pas adherer a la 
baguette d’agitation aussi bien que les particules minuscules du 
produit amorphe. Pour cette raison la scintillation dure aussi longtemps 
qu’il ne se forme, par frottement mutuel, de fins fragments qui enve- 
loppent la baguette et empechent toute scintillation ulierieure. 

Des observations qu'on vient de decrire, il ressort que la dispersit6 
globale de la substance constitue un facteur important, exer 9 ant une 
influence marquee sur la scintillation des sels mercuriques. LHntensit^ 
de Iai scintillation s’accroit avec le degre de dispersion. 

2. U influence de rhumidite eM trh considerable et decisive. — Les 
produits humides, insuffisamment arches apres precipitation, ne pre- 
sentent aucune ^scintillation^. Les produits conserves peu de temps (de 
24 k 48heures) au dessiccateur montrent une scintillation moyenne qui 
devient considerable apr^s 10 — 15 jouri^. Au contraire, si un produit 
bien desseche est abandonne, pendant un temps pas trop long (24 jusqu’ii 
72heurea), a Vair (protege seulement contre la souillure mecanique), on 
n’observe aucune variation de Tintensite. Cette derniere ne diminue 
qu’apres un temps tr^s prolonge et ne disparait d’ailleurs jamais comple- 
tement. La chose est en somme naturelle, car le calomel pur et sec n’est 
pas pratiquement hygroscopique. Ola est atteste en outre par la circons- 
tance que la fluorescence en lumiere ultraviolette n’est pas non plus 
influencee par Thumidite. En effet, si Ton consid^re la fluorescence 
comme un phenomene mol4culaire ou un ph^nomfene chimique (photo- 
chimique), on ne saurait lors de la suspension dans I’eau (le chlorure 
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mercurique est pratiquement insoluble et, d’autre part, Teau n’absorbe 
presque pas les radiations visibles) parler d’une influence sur la consti- 
tution interne du corps insoluble ou sur I’intensite de la radiation inci- 
dente qui pourrait determiner la scintillation ou la fluorescence. II 
n’en reste pas moins etabU que dans certains cas ou Ton pent s’attendre 
k une influence chimique, la luminescence depend aussi do Thumidite. 
Cela ressort du travail d’E. Ewles qui porte,ilest vrai, principalement 
sur des composes solubles. 

La scintillation la plus intense a ete observee sur les produits sechos 
k temperature eievee (vers 110®) pendant 24 heures. A cette tempe- 
rature une sublimation visible du chlorure mercurique n’a pas encore 
lieti, grkce k quoi le produit conserve les proprietes d’un corps amorphe, 
c'est-a-dire tres divise. Un produit ultra-sec, sublime dans un courant 
de gaz carbonique parfaitement desseclie et conserve en tube scelle, 
presente au contact de Fair une ,,scintillation“ continue tres conside- 
rable, et cela aussi longtemps qu'on Tagite. Toutefois, avec un tel pro- 
duit on n’obtient jamais le maximum de scintillation, car la grosseur 
des cristaux la diminue: le broyage mecanique a Fair diminue la siccite 
dans une telle mesure que non seulement Fintensite de la scintillation 
ne s’accroit i)as, mais qu’elle s’abaisse au contraire. 

La sensibilM vis-a-vis de Fbumidite est extraordinairement grande. 
On pent Fobserver le mieux en etudiant Faction des temperatures extre- 
mement basses oil il suffit d’une quantite insignifiante de vapeurs d'eau 
condensees pour faire completement disparaitre la scintillation. 

3. Inflvence des corps eirangers et des impmreiis, — Les essais faits 
avec les halogeriures de mercure purs out montre que Fintensite de 
la scintillation depend dans une mesure considerable de leur puret6 
relative. Ce sont notamment les corps organiques dont la presence, 
mi^mc en proportion tres faible, d^terminent une chute considerable 
de Fintensite. Un creuset insuffisamment nettoye ou les poussieres 
provenant de Fatmosphfere peuvent eventuelleraent determiner une 
suppression complete de la scintillation. L’excoption est faite, comme 
on le con^oit bien, par le mercure metallique et les produits reactionnels 
formes dans la decomposition de la substance sous Faction de Fenergie 
radiante. Les autres composes de mercure se comportent eux aussi 
de manifere indifferente en somme, et la diminution de Fintensite en 
leur presence n’est pas trop frappante. II enest autrement pour les com- 
poses des elements etrangers. D’une maniere plus approfondie cette 
connexion a ete observee principalement sur les melanges intimes du 
chlorure mercureux et du chlorure d’argent. Les deux corps, chimique- 
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ment tr^s apparent^s, de propri^tes physiques analogues, out pu 6tre 
prepares dans des conditions analogues, ce qui fait que le r<§sultat 
de leur 6tude est assez caraot^ristique. Rappelons de nouveau que le 
chlorure d’argent pur ne pr4sente pas le ph6nom6ne de la scintillation. 
Le melange a ete pr4par6 en precipitant, a Tobscurit^, une solution 
acidul^e (par HNO^) d'azotate mercureux et d’azotate d’argent (en 
I>roportions variables) par une solution de chlorure de potassium, apr^ 
quoi le precipite a ^t^ recueilli dans un creuset de verre, puis s6ch6 
j>endant 24 heures vers 110®. En tout, on a pr^.par^ une douzaine 
de ces produits dont le premier renfermait du chlorure d'argent pur, 
tandis que chez les autres la proportion de chlorure mercureux allait 
en augmentant jusqu’a ce que le dernier des preoipit^s (produits no 11) 



ne renfermM- plus d’aTgent du tout (voir le tableau). Pour quo les 
differences d’intensite pussent etre aisement comparees, on a prepare, 
dans tons les cas, simultanement et dans un creuset somblable, un 
poids de chlorure mercureux egal k (jelui du melange. La mesure a 
cie effect lice simultanement sur I’lin et Tautre produits. 


I 

en gr 

0-7552 

AgCl on gr 
4-6400 

% (Ip Hgfih 
13-92 

% d« AgCl 
86-08 

2 

0-8991 

2-7740 

24-48 

75-52 

3 

0-8991 

1-1110 

44-73 

55-27 

4 

0-8991 

0-5554 

66-38 

33-62 

5 

0-8991 

0-2277 

79-81 

20-19 

(> 

1-7982 

0-2222 

89-03 

10-97 

7 

1-7^82 

0-1401 

92-77 

7-23 

8 

4-4955 

0-1410 

96-96 

3-04 

9 

4-4955 

0-0705 

98-46 

1-54 

10 

4-4955 

0-0235 

99-4:1 

0-53 

11 

4-4955 

0-0000 

100-00 

0-00 
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L’exp^rience a montre que jusqu'^ Tessai 4 (voir la representation 
graphique) la scintillation n’a pas apparue. Ce n’est qu’au delk d'une 
teneur en chlorure mercureux superieure a 50% (essai no 4) qu’il a 
etc possible d’observer une scintillation, il est vrai extromement faible 
et perceptible seulement apres une parfaite accommodation de Foeil dans 
Fobscurit^. Une scintillation nette et durable n’a pu etre observee qu’a 
partir de Fessai no 6, oil le melange renfermait deja 89 03% de chlorure 
mercureux. T)fes maintenant Fintensitd augrnente continuellement. 
Toutefois, la valeur normale, c’est-^t-dire celle du chlorure mercureux pur 
pris comme terme de eomparaison n'a pu etre atteinte, meme pas avec* 
le produit no 10 oh la teneur en chlorure d’argent avait rabaisseo 
a 0*53%. 11 est interessant a remarquer que cette grande sensibilite 
vis-a-vis du chlorure d’argent apparait seulement dans le cas oh le 
melange est absolument homogene, c'est-a-dire oh il a et6 prepare 
par precipitation d’un melange des deux azotates. Pour les melanges 
mecaniques, obtenus par simple melange des chlorures tout faits, 
la sensibility est peu considyrable, au contraire, ainsi qu’on Fexpliquera 
plus bas, la scintillation est bien nette meme pour des teneurs en 
mercure assez faibles. 

D'autres essais concernaient la presence des composes de qiielques 
mytaux lourds, dont les traces influent essentiellement sur la phospho- 
rescence des terres dites alcalines. 

Au calomel pur on ajoutait ainsi du chlorure de baryum {BaCl^.^H^O, 
environ 0-5%), de Fazotate de manganese {Mn{NO^\,^ H/)) et du 
bioxyde de manganese {MnO^)^ L’experience a montre que ces corps 
n’ont pas d’action analogue sur le phynomene de scintillation, et que, 
au contraire, ils en rabaissent dans une faible mesure Fintensite, de 
meme que cela a lieu avec d’autres impuretes. 

Il ressort des essais citys que la presence de corps etrangers, qu'ils 
soient chimiquement apparentys ou non, a pour ef)et de rabaisser la 
scintillation des halog^nures mercureux purs. 

4. Influence de la temperature, — Parmi tons les facteurs faisant 
varier Fintensite de la scintillation, la tempyrature est celui qui se 
manifesto avec le plus d'yvidence. Ce fait suffit k lui-meme pour 
prouver qu’on est en prysence d’un phynomene de triboluminescence 
et non pas d’yiectroluminescence, car, si Fon juge par analogic, on 
ne connalt pas de pbynomynes d’yiectroluminescence qui soient si 
sensibles k la tempyrature, tandis que, au contraire, on sait fort 
bien que tons les phynomenes de triboluminescence et de cristallo- 
luminescenoe varient essentiellement avec la tempyrature. 
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Nos mesures comprenaient des Kmites de temperature assez larges, 
allant de — 196® k + 200®; les temperatures plus basses encore n'ont 
pas ete etudiees en raison des grosses difficultes experimentales; d’autre 
part, les mesures aux temperatures superieures seraient denuees de 
sens, parce que les corps pris en consideration possedent tons une 
tension de vapeur si considerable qu’ils se subliment rapidement. 
Le dispositif employe pour les temperatures comprises entre 0® et + 30® 
se trouve represente dans la figure 3. 



Le produit examine, pur et desseche .au prealable, a ete introduit 
dans un creuset de verre parois lisses et k rebords larges et suspendu 
dans un triangle de verre reposant sur les bords d’un vase Dewar 
argente en forme d’une coupe peu profonde. Le vase etait rempli 
d’un melange refrigerant approprie. Tmmediatement avant Texperienoe, 
la substance k examiner a ete sechee pendant 24 heures de 108 k 110®. 
Pour eviter toute difference de temperature entre le bain et la substance, 
les mesures n’ont ete commencees que 15 minutes apres la mise en 
contact du creuset avec le bain. 

Aux temperatures plus eievees, nous nous servions des deux 
appareils representes dans les figures 4 et 6. Le premier etait muni 
d’un bain d’huile, le second, d’un bain de mercure. Ce dernier a ete 
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utilise principalement pour determiner la temperature d ’extinction. 
Le vase de verre exterieur (a dans la figure 4), place sur une toile 
metallique, etait rempli d’huile de colza. Au moyen d’un anneau (c) 
on y avait suspendu un vase de verre brun (b) au fond duquel on a 
fixe, au moyen d’un petit support (6), le creuset de verre (t) renfermant 
la substance etudiee. Les petits anneaux (k) et (d) empeohaient le 
mouvement du creuset pendant I’agitation de la substance. Le vase 



(6) etait ferme, sauf une petite ouverture au-dessus du creuset, par une 
lamelle et serre au moyen d’un anneau metallique (A); dams le bain 
d’huile etait suspendu un thermometre (f'). 

L’appareil k mercure (fig. 5) consistait en un creuset de fer (z) 
rempli de mercure; un anneau (h) y maintenait un recipient en verre 
(g) et un thermometre {t). La substance etudiee se trouvait au fond 
de ce vase de verre. 

En ce qui conceme la temperature de fair liquide, elle n'a pas 
ete mesuree; aux temperatures basses, allant jusqu’^ — 80®, elle a ete 
determinee I’aide d’un thermometre a toluene, et k partir d’ici 
jusqu’k + 240® au moyen d’un thermometre k mercure. La determination 
exacte de la temperature de naissance de la scintillation a ete operee 
k I’aide d’un thermometre k division tres fine et compare avec un 
thermometre normal k hydrogene. 
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Dans le domaine des basses temperatures les essais suivants ont 
ete faits: — 195® (bain d’air liquide pur), — 186® (mSme bain), de 

— 72 a — 75® (CO 2 solide + 6ther ethylique), — 69® {CO^ solide), 

— 18® (glace + chlorure de calcium), — 12® (meme bain), — 8® (glace 
+ chlorure d’ammonium), — 4® (huile de colza refroidie), 0® (glace, 
huile de colza refroidie). 

Dans toutes ces experiences, plusieurs fois repetees, le chlorure 
mercureux na jamais donne de scintillation, Dans des cas extremement 



rares, le rebord du creuset saillissant du bain, done insuffisamment 
refroidi, emettait une faible radiation. 

Pour plus de surete^ la scintillation a ete observee aussi a la 
temperature ordinaire. 

L'intensite initiale reapparut toujours apres rechauffement. 

Une autre serie d’essais portent sur le domaine de temperatures 
allant de 0® 4 - 30®. Afin de pouvoir poursuivre d’une manifere 

approfondie le comportement des divers corps, chacun d’eux a ete 
etudie separement. ,Voici comment nous procedions: Le bain d’huile 
et le vase ont ete refroidis lentement, dans une glacifere, jusqu*^i — 4®, 
puis on a introduit le creuset, apres quoi on a effectue les mesures k des 
intervalles courts (de 15 4 20 minutes) pendant lesquels la temperature 
s’elevait de 1 jusqu’it 2 degres. Lors des essais prealables faits avec 
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le chlonire mercureux on a constate que la scintillation apparait 
bruaquement entre -f 10 et 4- 13®, et que son intensite est, il est 
vrai, faible au debut, mais que d4ja vers 16® ou 18® elle atteint la 
valeur normale qui ne varie plus essentiellement ineme si la tern- 
p^xature continue k monter. 

Pour cette raison, dans les essais prealables ayant pour but de 
limiter au minimum le domaine de temperature auquel la scintillation 
fait son apparition, la mesure exacte de la temperature a et6 faite 
de la maniere suivante: Le bain a et6 amene a une temperature de 
8 jusqu’a 10® inferieure, puis on a agite avec une baguette, dans 
Tobscurite complete, jusqu’a ce que la premiere scintillation apparut 
trois fois de suite, apres quoi on a precede a la lecture de la tem- 
perature. Cette mesure a effectuee, separ^ment et trois fois de 
suite, pour chaque substance. Chez le chlorure mercureux I’obser- 
vation a ete faite pour les temperatures suivantes: - 0 6, \~ 2 0, 

+-2*6, +3-1, +4*0, +5*8, f 6-4, 4-6*5, -f H-1, -4 6*2 +10*0, 

+ 10*3, +10*5, 4 10*6, +10*7, +10*8, 4-11-2, +12*0, | 12*8, 

+ 13*2, + 14*3, 4 14*5, + 14*6, + 15*5, + 16*6, + 17*5, 4- 17*6, 

+ 17*8, +17*9, +18*2, +18*3®C. 

En continuant sans interruption la mesure exacte des temperatures 
a partir de -f 2® les valeurs suivantes out ete trouvees: + 10*7®, 
4- 10*6, f 10*7®. 

D’une fa 9 on analogue, les mesures suivantes ont H6 faites avec le 
bromure mercureux: --0*7, | 9*0, 4-9*3, 4 11*2, 4 11-3, 4-11*5, 

+ 11*9, +12*2, + 12*6, +12*8, | 13*4, +13*8. 4 14*9, t 15*5, 

+ 16*0, + 17*2, 4- 17*8, -4 18*2® C. 

La mesure exacte a conduit aux valeurs que voici: + 12*8®, + 12*8®, 
+ 12*8®. 

On a precede de memo pour Tiodure mercureux. La premiere obser- 
vation a et6 faite a partir de — 1*5®. La scintillation apparait ici vers 
+ 18® (les valeurs mesurees varient entre 4- 17*7® et 19*0®). La precision 
est moindre en ce cas-la, car meme k la temperature normale (20—21®) 
la scintillation n’est que faible en somme. 

Chez 1© chlorure mercurique, les mesures faites: 4- 3*0, + 8*2, + 10*9, 
+ 11*5, +11*6, 4“ 11*3, +12*5, +12*9, +13 0, -f 13*8, f- 14*3, 
+ 14*4, + 15*2® C, ont donn^ des valeurs exactes suivantes: +11*6, 
+ 11*8, +11*5®C. 

Le bromure mercurique pur a commence a emettre des radiations 
^ + 4*4®; il a observe aux temperatures suivantes: — 0*4, j- 1*5, 
+ 3*1, +4*4, +8*3, +11*2, +12*2, 4- 13*9® C. 
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Les valeurs observ6es dans ces essais montrent que lors du refroidisse- 
ment a Tair d’humidit4 normale les halog4nures du mercure monovalent 
et oeux du mercure bivalent souill^s d’halog4nures mercureux ne 
pr^entent la triboluminescence qu’au-dessus d’une temperature de 
naifisance deterrninee, cjaracteristique de chaque substance. 



Fig. 6. 


En meme temps, on a cjonstate que les produits sont tres sensibles 
a riiumidite (voir plus haut). Cela permet d’expliquer pourquoi les 
temperatures atteintes ne sont pas les memes pour toutes les substances. 

Sans doute la tension de vapeur ne diminue pas dans la meme mesuire 
pour toutes, de sorte que la proportion d’eau empruntee a ratmosphfere 
ambiante n’est pas la meme. On pent d’ailleurs admettre que Tine* 
galite des chaleurs sp6cifiques et de la conductivite thermique entrent, 
elles aussi, en ligne de compte. La vitesse de refroidissement, ainsi 
qu’il a pu etre constate, n’exerce aucune influence essentielle, de 
sorte que Thypoth^^se qu’il s’agit id d’un passage a un autre ^at 
allotropique, serait d6nu^ de sens. 

Ces resultats nous ont naturellement indt6 a une etude ult6rieure 
de I’influence exerc6e par la chaleur en milieu parfaitement sec. Ici 
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les choses seront essentiellement diff^rentes, comme Fa montr6 d’abord 
une experience faite avec les corps amenes au dessiccateur, lentement 
jusqu’i — 4®. Ces corps presentaient le phenomene de scintillation, 
k un degre considerable, pen de temps apres la sortie du bain refrigerant 
nidme aux temperatures au-dessous de 0®, done fort differentes de 
celles oil nait la scintillation. Cfes nouvelles mesures ont ete faites 
dans un dispositif special permettant d’exciter la substance etu- 
diee en milieu parfaitement sec. L’appareil (voir la figure 0) se com- 
posait d’un tube k essai large et k parois epaisses, partiellement rempli 
de billes de verre et, jusqu’^t la moitie, d'acide sulfurique dans lequel 
plongeait un tube a essai plus petit fixe au moyen d’un anneau. Le 
vase exterieur etait ferme a Faide d’un tube de caoutchouc et d’un 
bouchon. Par ce dernier passait un thermometre k mercure et un 
tube de verre prolong^ en un tube de caoutchouc termine par un 
bouchon de caoutchouc. 

A travers ce dernier, une baguette d’agitation descendait jusqu’au 
fond du recipient interieur ou se trouvait la substance etudiee. 
IFappareil plongeait dans un vase de Dewar profond, muni d’un me- 
lange refrigerant, 

Les r^sultats obtenus en emplyant ce dis])ositif ne sont toutefois 
[)as assez convaincants pour qu’on puisse en deduire la variation de 
Fintensite de scintillation, en milieu parfaitement sec, au-dessous 
de z6ro. La difficulte consistait principalement en ce qu’il etait impos- 
sible de debarrasser, apres chaque agitation, la baguette des particules 
qui y adheraient. L’eau hygroscopique, elle aussi, entrait certaine- 
ment, en jeu. Tout ce qu’on a pu etablir avec certitude, e'est qu’au- 
dessous de - 4® la scintillation se produit encore, et il est vraisemblahle 
qu’on pourrait la constater meme k des temperateurs inferieures. 

Enfin, nous avons effectue des mesures relatives k Finfluence des 
temperatures ^levies sur la scintillation des halogenures de mercure. 
V^oici la serie de temperatures mesurees, pour le chlorure mercureux, 
successivement au moyen d’un apparcil k huile et d’un api)areil a 
mercurer -j- 21, -f- 22, -f- 2b, 80, 92, -f- 100, -j- 121, 138 jusqu a 
140, -t- 145, -f 155, + 175 jusqu’i 180, + 200 jusqu’a 205, | 220, 
+ 240, + 280, + 300® C. 

Les mesures ont ete faites de maniere a etablir Fintensite de scintilla- 
tion d’abord k la temperature ordinaire, apres quoi on chauffait 
le bain lentement (pour que les temperatures aient le temps de s ega- 
liser parfaitement) jusqu’& ce qu’on fut arrive au point choisi pour 
la mesure. fitant donne que les mesures etaient operees k Fobscurite et 
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apres 7 minutes d'accommodation de Toeil, on ^tablissait toujours 
d’avanoe quelle est la baisse de temperature lors de I’interruption 
du chauffage, et on op^rait un contrdle suppl4mentaire par une lecture 
au thermometre a la lumi^jre ordinaire. Pour les temperatures trfes 
elevees on reduisait la dur^e d’accommodation It 5 minutes. 

Les divers domaines de temperature ont d’abord ete observes 
a part. Apres des essais plusieurs fois repetes on a etabli que dans les 
limites allant de + 20® a 100® VintensiU de la radiation observde ne 
titbit ancune variation essentielle, c'est-d-dire qu^elle ne diminue certaine- 
ment pas; elh augmenie plutdt, quoique faiblement. Mats d partir d^ici 
VintensiU s'abaisse successivement^ lentemcnt au ddbut, rapidement plus 
tard, de sorte qu'au-dessus de 200^ elle finit par disparattre. La temperature 



dedisparitionaetedeterminee alors de la fa 9 on suivante : La substance 
a ete portee jusqu’^ 300®, apr^s quoi elle a ete observee, a robscurite, 
jusqu’a apparition de la premiere scintillation. Voici les valeurs trouvees 
pour le chlorure mercureux : +205®, +200®, +200®, + 185®. Lorsque 
la temperature devcnait normale, Fintensite initiale reapparaissait. 

On a opere de la meme maniere pour le bromure mercureux, le 
(jhlorure et le bromure mercuriques, Fiodure mercureux. Voici pour 
le bromure mercureux les temperatures limites de scintillation: + 142®, 
-f 190, + 205®. Dans cos essais, le rediauffage prealable avait ete 
pousse jusqu’i + 300®. Des essais faits avec le sublime corrosif ont 
donne les chifEres suivants: + 190®, + 203®, + 200®, ceux relatifs au 
bromure mercurique etaient: + 200®, + 190®. Avec Fiodure mercureux 
(forme jaune) on n’a pu obtenir de resultats exacts parce qu’il a ete 
impossible de prepai'er une quantite un pen importante de substance 
pure et seche presentant une scintillation suffisamment intense d4}k 
a la temperature normale. La plupart des produits renferment une 
faible proportion de forme verte dont la presence rabaisse la „sointil- 
lation'' dans une mesure considerable. 
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l^es temperatures limites de scintillation sont done egaUs pour tout>es 
les substances ^tudiees et varient autour do -f- 200®. 

Si Ton r6sume les observations relatives a Taction de la temperature 
(pour autant que les mesures aient ete faites a Tair), on voit (fig. 7) 
ee qui suit: au-dessous do la temperature dite de naisaance la scintilla- 
tion n’est pas perceptible du tout, a son voisinage elle apparait soudaine- 
ment et quelques degr^s apres elle atteint sa valeur norrnale qui 
s’tUeve d’une maniere 5. peine perceptible jusqiT^ 100®; a partir d'ici 
elle descend un peu plus rapidement jusqu’a ce qu’elle arrive a la 
temperatui‘e Umite au dela de laquelJe elle (^esse d'exister. 

5. Influence, de VMairage. — l^e produit etudie prirnitivement 
avait ^te conserve k Tobscurite. Par une courte exposition (ne depas- 
sant pas 3 heures) ^ la lumiere d'une lampe a incandescence Tintensite 
(ie la luminescence ne subit aucune variation. De meme un produit 
qui avait etc expose, au dessiccateur, aux rayons solaires et avait 
etc bruni par eux d’une maniere notable, ne presentait pas la nioindre 
..scintillation*'. I/insolation ou les produits formes par cette reduction 
photochimique sont done sans action. Les rayons ultraviolets, a faible 
longueur d’ondes, ni les radiations gamma n'ont pas rovele d ’action 
non plus. 

0. Tmporf.a.nce de la /jression. — On peut dire d'une fagon generale 
(jue Tintensit^ de scintillation augmente avec la pression exercee sur 
la baguette avec laquelle on opere Tagitation. Toutefois, il est fort 
difficile d’^tablir sa limite inferieure, car plusieurs facteurs entrent 
en ligne de compte. (Test ainsi qu'un chlorure mercureux eniprisonne 
en tube scelle etagite au rnoyendebilles de verrede4mm de diametre, 
ne produit pas de scintillation, pas meme alorsquelessecoussesimprimees 
au tube sont assez violentes. La pression s}>ecifiqiie necessaire pour 
produire le phenomene doit toutefois etre assez considerable. (Via 
ressort par exemple du fait qu’avec des baguettes grosses ou mal 
scell4es TintensitV obtenue est inferieure a celle qu’oii observe pour 
les baguettes minces a bout parfaitement arrondi. Le chlorure mercureux 
ne pr6sente pas de scintillation quand on le frotte entre des plaques 
de verre; si, par centre, il est frotte par Tarete ou meme par le coin 
d’une telle plaque, la scintillation apparait norrnale. Dans des essais 
plus exacts on a mesur^ les hauteurs de chute minimum de billes de 
verre suffisant pour provoquer la scintillation des substances frappees 
par elles. La premiere scintillation apparait, si le poids moyen de la 
bille est de 0*32 gr, pour une hauteur de chute de 50 mm. Des billes 
plus legeres restent sans effet. 
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7. LHnftueme du vide et de Vaimospkbre est presque insensible. Dans 
le vide d^un dessiccateur contenant des r^sidus d’air on d^un antre 
gaz inerte (azote on gaz oarbonique) la substance se comporte oomme 
a Fair, abstraction faite bien entendu de Tinfluence de Thumidit^. 

8. Dejii lors des essais faits pour 6tablir les rapports entre la tribo- 
luminescence et la fluorescence des halog^nures mercureux nous avons 
constate la grande sensibility de leur mise en yvidence. II s’agissait 
\k uniquement de melanges avec les sels correspondants mercuriques, 
oil les rapports ponderaux ne se font valoir qu'it ime proportion 
extrdmement faiblc de sel mercureux. Quant aux melanges avec 
d'autres corps, ils prysentent toujours une scintillation plus faible 
qui devient nulle si le corps etranger s’y trouve en exces. II n’en est 
pas de meme dans les cas oil le calomel se trouve au contact de corps 
solides secs avec lesquels il no forme pas un melange intime. Ici la 
scintillation apjiarait meme alors qu’il ne s’agit que de traces de calomel. 
Tres instructive est Tobservation des phenomenes qui ont lieu lorsqu' 
on frotte des baguettes tres lygerement saupoudrces de calomel centre 
d^autres corps propres, comme par exemple centre une arete de bois, 
la parois propre d’un vase de verre, etc. Si la baguette est tout k fait 
propro, le phonomene n'apparait pas, autrement il est rygulier. 

Des phynomenes analogues se laissent observer lorsqu’on nettoie 
des baguettes propres au moyen d’un linge legerement saupoudre 
de calomel. Il est yvideni c}uo des quantitys tout k fait insignifiantes 
de calomel ou de bromure mercurique, dV^tat pur bien entendu, suffisent 
pour provoquer la scintillation. Dans les myianges intimes il ne doit 
pas en etre ainsi, parce que la possibility de frottement mutuel des 
moiycules d’halogynure mercureux n’est certainement pas grande. 

En resumant les rysultats de nos essais, plutot qualitatifs par leur 
caractere, on voit que la triboluminescence des halogynures mercu- 
riques, quoique cela soit la premiere fois qu^elle ait yty observye chez 
les yiements appartennant au deuxieme groupe du systeme pyriodique, 
ne constitue cependant pas un phynomene exceptionnel. Des essais 
d ’information faits sur les yiyments du sous-groupe plus yiectronygatif 
(Zn, Cd, Hg) laissent pryvoir des regularitys et phenomenes analogues 
myme en dehors du mercure, mais la les choses seront certainement 
bien plus complexes. 

Il y a cependant un fait qui reste inexplique jusqu’a prysent: e’est 
qu'il n’a pas ety possible de trouver aucun facteur, interne ou exteme, 
ni aucune substance qui joueraient le r61e d’un activeur poaitif. Les 
influences constatyes par nous sont toutes de nature n6gative, e’est- 



elles rabaissent Tintensit^ de la scintillation sans en changer 
sa composition spectrale. 


Resume. 

Lors de T^tude de corps ultra-purs et ultra-secs on a observe que 
les halog^nures mercuriques (prepares par synthese) presentent le 
ph^nomene de la scintillation. 

Les oaract^res de cette scintillation la font ranger parmi les pheno- 
menes de triboluminescence produits par le frottement mutuel des 
molecules. 

( -ette radiation inconnue jusqu’a present est sp^cifique des halog^^nures 
du mercure monovalent (chlorure, bromure, iodure mercurenx). Les 
composes complexes du mercure ne I’offrent pas. Quand elle apparait 
chez les autres composes de mercure monovalent ou bivalent, elle doit 
ctre ramenee k la presence, en proportion plus ou moins grande, d'halo- 
genures mercureux comme impuretes. 

II suffit de traces insignifiantes d'un halogenure mercureux pour 
[)rovoquer dans un halogenure mereurique une scintillation nette. 
aisement perceptible a Fobscuritd. I^a sensibilitc de ce phenomene 
est beaucoup plus grande que celle de la fluorescence des sels mercureux 
en lumiere ultra violette. 

I/intensit^ de scintillation dei)end du rlegre de dispersite, du degre 
de siccite, de la presence ou non de corps etrangers et de la temperature. 
Elle augmente avecj le degre de dispersito. La sensibilite vis-a-vis de 
rhumidit^ est extreme et apparait surtout aux temperatures basses. 

La facult6 des halogenures mercureux purs d’emettre des scin- 
tillations est consid<?rablement rabaissee par la presence de corps 
Strangers qu'ils soient chimiquenient apparentes ou non. 

La scintillation a lieu dans un intervalle de temperature assez 
large, dont la limite inf^rieure est determinee par la temperature de 
,,nai8sance‘‘. Cette temperature varie avec les divers halogcmures mercu- 
reux, elle en est caracteristique. Entre 20 et 100" Tintensite ne varie 
pas essentiellement, au-dessus de 100" elle diminue lentement jusqu'a 
la temperature de disparition, situee vers 200". 

Institut de Chimie minerale et legale 
d V University Charles Prague 
( Tchycoslovaquie ) . 



HYDRATION OF IONS Mg , Ca, Sr” AND Ba IN NORMAL 

SOLUTIONS 

by J. BABOROVSKY and 0. VIKTORIN. 

Tn continuing the work on hydration of ions by Baborovsk^^’s^) 
method we measured normal solutions of magnesium, calcium and 
strontium chloride. 

In these measurements conditions usual in this method were main- 
tained. With magnesium and calcium chloride Kahlbaum’s preparations 
p. a. recrystallized from redistilled water in sealed vessels were used. 
The large crystals obtained were freed from the mother liquor by 
centrifuging. Strontium chloride was purified substantially by Ri- 
chards’*) method. To its aqueous solution ammonia and some am- 
monium carbonate were added. Strontium sulphate precipitated from 
the filtrate by an excess of sulphuric acid was washed first with dilute 
sulphuric acid and then with distilled water until the washing water 
was neutral towards methyl orange. To the sulphate solid ammonium 
carbonate was added in a porcelain dish and by digestion on a water 
bath it was converted to about one half into carbonate. This was 
then decomposed Muth hydrochloric acid. The solution of strontium 
chloride was freed by evaporation from the greater part of hydro- 
chloric acid. To the residue dissolved in water ammonia and some 
ammonium carbonate was added. The strontium carbonate obtained 
from the dilute filtrate by adding to it an excess of ammonium carbon- 
ate was washed with water so long, until no chloride ion could be 
detected in the washing fluid. The washed carbonate was converted 
into strontium nitrate, into the solution of which first gaseous am- 
monia and then carbon dioxide was passed. The pure carbonate thus 
obtained was, after thorough washing, dried on a water bath and then 
ignited carefully. The mixture of carbonate and oxide was then dis- 
solved in hydrochloric acid, and the chloride obtained after evaporation 
was recrystallized three times. 

The experiments were made in the bipartite apparatus described in 
earlier communications. The exactly normal solutions were electro- 



lyzed by a current of 10 milliamperes for about two hours, and the 
amount of electricity which passed through was measured by two 
silver coulometers. On an average about 0*0008 F passed through the 
electrolyzed solution in our experiments. As kathode a silver wire 
covered electrolytically with a layer of silver chloride was used. The 
decrease in weight of the kathode was on the whole (by a few tenth 
of a mgr) lower and the increase in weight of the anode somewhat 
higher than the indication of the coulometer. The solutions were 
analyzed gravimetrically, the stock solution before each experiment, 
the solutions after electrolysis in two parallel analyses. All analyses 
giving the number of grams of chloride in 100 grams of the solution 
agreed mutually well, their arithmetic mean being taken for calcul- 
ation, which was performed as in our earlier work. From the known 
weight and composition of the solution before and after the experiment 
and from the amount of electricity passed through the quantity of 
electrolyte transferred by 1 jF is calculated, if this is expressed in 
gram -equivalents, the true transport number of the cation is obtained. 
Similarly the amount of water transported electrolytically by 1 F is 
expre8S€5d in moles of H^O. The results are summarized in Tables 
I— III: in the column designated “kathode’', if the membrane was 
sealed to the kathode part of the bipartite a})paratus and the kathode 
solution analyzed, but in the column designated “anode”, if the mem- 
brane and the analyzed solution were in the anode part. Table I gives 
the values found for the normal solution of magnesium chloride, 
Table IT those for calcium, and Table III those for strontium chloride. 
Table IV contains a complete survey of the measured data, the meas- 
urements on barium chloride being taken from an earlier communi- 
cation.^) (1 — N) is the true transport number of the cation and E 
the number of moles of H^fJ transferred by 1 F to the kathode without 
any correction for the presence of the parchment membrane. 

It is seen from the tables that also in the solutions under investi- 
gation discrepancies occur to a certain degree between the kathode 
and the anode ex[)eriments, which were explained by J. Babo- 
rovskj^,*) 

From the complete survey it is appai'ent that in all measured chlor- 
ides in their normal solutions water is electrolytically transported to 
the anode. It is evident further that Hittorff’s transport numbers*^) 
(see also below) are considerably different from the true transport 
numbers found by Baborov8k;;^’s method. This difference could be 
explained by the high hydration of the chlorides under consideration. 
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Table IV. 

A complete survey of data. 

Solution MgClt CaCk IiaC% 

1 — N (mean) 0-262 0-299 0-279 0-289 

S (mean) — 0-336 — 0-346 — 0-630 — 1-25 

Substituting in the known equation 

S -N)j£:~-Ny (1) 

the found values for the water transport, and the true transport 
numbers of cation, (1 — N), and anion, N, and assuming, that the 
hydration of chloride ions in normal solutions of alkali chlorides is the 
same as in solutions of chlorides of alkaline-earth metals 4 mol. 

//gO),®) we obtain for magnesium chloride the equation 

-- 0*336 0*262 XMy 0*73S x 4, 

2 

for calcium chloride 

-- 0*346 ^ 0*299 Xc^ -- 0*701 X 4, 

2 

for strontium chloride 

^ 0*630-= 0*279 6*721 x 4, 

T' 

and finally for barium chloride 

— 1*25 = 0*289 — 0*71 1 X 4. 

2 

From these equations we get values for xjnj' giving the number of 

T" 

moles of H 2 O associated with 1 gram-equivalent of the ion in question. 
Recalculating these values for two gram-equivalents, i. e. for the whole 
ion, we obtain for the hydrations of the ions considered: 

ion Mg'* Ca* Sr* Ba’ 

mol. H 2 O 20 17—16 16 11. 

The hydration thus decreases with increasing atomic^ weight in 
a similar manner as with alkali chlorides.’) 

We quote for comparison values found by H. Remy for the same 
ions: 

Mg^ Ca Sr* Ba 

14*1 12*1 7*8 4*5, 
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which are throughout lower than ours. This discrepancy has several 
causes. Comparing Remy’s values for the number of moles of 
transferred by 1 to the kathode with ours, 


n/1 

MgCl^ 

CaClt 

SrClt 

BaCl^ 

Remy 

— 0-08 

-—0-20 

— 0-96 

— 1-22 

B. and V. 

— 0-336 

— 0-346 

— 0-630 

— 1-26, 


we see that with barium chloride the agreement is good, btit that the 
values of S are the more discordant the nearer we come to magnesium 
chloride. 

Remy uses for calculation of the tnie transport numbers Wash- 
bum's®) equation 

« ri s 

^tnie ~ " > 

where ?2-tnio l^he true transport number of the anion, Hittorff*s 
transport number, S the number of moles of H^O transported by 
1 Fy Ug the number of equivalents of electrolyte, and Vto the number 
of moles of water in the solution. As is seen from the survey given 
below, the values of the true transport numbers calculated from 
Washburn’s equation are very little different from Hittorff’s 
transport numbers: in barium and strontium chloride by two units 
of the second decimal place (0*022 and 0*018 resp.), and in calcium 
and magnesium chloride even by a few units of the third decimal 
place (0*004 and O-Obl resp.), whereas the true transport numbers 
obtained by Baborov sky’s method are considerably different from 
Hittorff’s transport numbers. 



1 ~ 

-N 


Elf?cirolyU' 

nil 

Hittorff’s 
tranwp. nnmb. 

Transp. numb, 
calculated from 
Washburn’s 
equation 

Tnie tranap. numb, 
obtained 

by Baborovsk^’s 
method 

MgCk 

0*291 

0*290 

0-262 

CaCl^ 

0*314 

0*310 

0-299 

SrCl^ 

0*314 

0*296 

0-279 

BaCl^ 

0*360 

0*338 

0-289 


Finally the disaccord between Remy’s and our values is caused 
by the circumstance that Remy assigns to the chloride ion a hydration 
of 3 mol. of HgO, but we 4 mol. of HjO, which difference must show 
itself also in calculation according to equation (1). 
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W. Manchot, M. Jahrstorfer and H. Zepter determined the 
hydration of ions from the solubility of nitrous oxide and acetylene 
in pure water and in aqueous solutions of salts. They obtained the 
following values for molar solutions (1 mole in 1000 grs of water): 

Ca' Ba' 

moles of 13*0 14*0 16*8. 

Their values cannot be compared directly with ours, because our 
numbers are valid for normal solutions. It is seen that the hydration 
of the ions under consideration increases in reversed order as that 
found by the methods of Re my and Baborovsky. 

H. Ulich^^) calculated the hydration of ions from the decieaseof 
molar entropy and from their mobility. For the ions investigated he 
found 

Mif (\r Bcr 

from the decrease of molar entropy 9 7-5 7*5 

from the mobility 10*5 -13 7-5 10-5 5 — 0. 

His values are also in other instances lower than those obtained by 
Remy’s and Baborovsky’s method, which he explains by supposing 
two kinds of hydration: a chemical and a physical one. He is convinced 
that he determines the chemical hydration only, whereas the method 
of electrolytic transport according to him gives the whole hydration, 
chemical and physical. However, Ulich's assumptions are too un- 
certain for considering his values of hydration as sufficiently estab- 
lished. 

Summary. 

I. True transport numbers in normal solutions of magnesium, 
calcium, strontium and barium chlorides were measured by Ba bo- 
ro vski^’s method: 

njl MgCk CdCh Bad, 

1_JV 0*262 0*299 0*279 0*289. 

2. The amount of water transferred electrolytically by 1 F in these 
solutions is 

njl MgCk CaC\ SrC\ Bad, 

3 ~ 0*336 — 0*346 — 0*630 - 1*25. 

In all norma) solutions of the chlorides investigated water is trans- 
ported electrolytically to the anode. 
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3. The following hydrations in normal solutions were found: 

Mg' Ca" Sr" Ba“ 

moles HjO 20 17—16 16 11. 

Institute of Theoretical and Physical Chemistry, 
Ceskd vysolcd Skola technickd, Brno. 
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A CONTRIBUTION 

TO THE KNOWLEDGE OF THE LIQUID JUNCTION POTENTIALS. 

PART II, 

By J. H. C^HLOUPIOK, VL. Z. DANES and B. A. DANKSOVA. 

In the preceding pa|)er ((Jollectum 5, p. 469, i)art 1.) we have 
published some experimental results bearing on the relation of the 
magnitude of the liquid junction potentials to concentration, valeiu^y 
tyi>e and symmetry (of ionic charges) of some strong electrolytes. The 
special form of our '‘salt bridge’’ vessels enabled us to gain also some 
information as to the magnitude and sign of the temperature coefli- 
cients of these potentials. We consider it nec*essary to discuss briefly 
here the different ways of realization of the li(|uid junction. C uggen- 
heim^) defines three different types of these juiK^tions, namely: 

1. the continuous mixture layer, its chief feature being this: the 
composition in every point of the transition layer is a linear function 
of the composition of both the end solutions. The Henderson formula 
should represent closely this sort of experimental realization. 

2. the constraint diffusion junction, where the reciprocal diffusion 
is limited to a space between two parallel planes. This case was treated 
mathematically by Planck and Pleijel (see. the references of our 
foregoing article). 

3. free diffusion junction is characterized by the diffusion taking 
place on a path relatively short compared to the distance of the elec- 
trodes. In this case, the length of the diffusion layer grows continuously 
with time. When the condition of cylindrical symmetry (meaning, that 
both the concentration and potential gradients should be represented 
by a straight line parallel to the cylinder axis) is fulfilled, the potential 
difference is independent of time. It is necessary, of course, to wait 
some time until the initial disturbances disappear (see also the paper 
by Barry and Smith referred to later on). The underlying problem 
was worked out mathematically by Taylor,^) but his treatment is 
— according to Guggenheim — too unwieldy and complicated, a 
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lamentable circumstance, inasmuch as this sort of Junction is the 
easiest to be made and gives good reproducible values constant with 
time. 

We should mention also the so-called "‘flowing Junction’', with the 
two different solutions streaming in such a manner as to make a con- 
tact and then flow away both in the same direction. In this way 
a very thin transition layer is realized. Unfortunately, the theoretical 
treatment of this sort of junction is very difficult, inasmuch as the 
final state can depend also upon the constants of the design.®) Scat- 
chard^) who has assembled much knowledge concerning all sorts of 
junctions says in this case: “I have always regarded our flowing junc- 
tions as continuous mixture boundaries because it seems to me that 
the time is too short for diffusion to become noticeable, but I know 
no way of demonstrating their nature." 

A new method of attack of the difficult problem of liquid junctions 
was developed very recently, on Professor H. A. Fales' suggestion, 
by Fred. Barry and A. K. Smith.®) It is a calorimetric method for 
determining tlie rates of interdiffusion of reacting liquids and seems 
to be very promising for more than one problem. The authors empha- 
size the questionable dependability of existing theoretical expressions 
and the desirability of actual measurements. 

These investigators studied so far (for obvious reasons) the system 
HCl d^q^lNaOH aq. 

Our own work follows quite different lines. As was already said, 
we chose the “free diffusion" junction for our study of the liquid 
contact potentials. We shall now discuss immediately the experimental 
results given in our previous paper. 

In the fundamental cell : 

Hg (HgCly 0*1 n KCl)^ junction solution 2 ( 0*1 n HCl, HgCl) Hg 
the potential difference “1" was, in our case, that between neutral 
electrolytes, whereas “2" is between a neutral salt and a solution of 
a strong acid. In dilute junction solution one can safely suppose that 
the electromotive force of the junction systems is given mostly by 
the magnitude of the potential difference “2", due to the great mo- 
bility of hydrions. The direction will be probably thus: 1 2. In more 

concentrated solutioi^s, however, one encounters more complicated 
relations. The sign of the p. d. “2" cannot be given and it is quite 
possible that there is a reversal of the sign in high concentrations 
(especially probable in the case of the chlorides of magnesium and 
zinc). The temperature coefficients lead here to no conclusions as to 
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the sign of the liquid junction p. d. E. g.: in the case of the p. d. "2” 
the temperature coefficients were found to be negative in all junction 
solutions, although the sign of the liquid contact j). d. is here surely 
positive. This can be explained in this way: the hydrions cause a 
temperature coefficient considerably below that of all the other ions; 
the contact p. d. sinks, therefore, when the tenijjerature is raised. 



The p. d. “1” exhibits always a positive sign of the temperature 
coefficients, but one can hardly guess the sign of the p. d. itself. These 
temperature coefficients are very small for 1 : 1 electrolytes but much 
higher in the case of polyvalent ions (esjwcially polyvalent anions). 
The results are summarized in the following graph, where the concen- 
tration is in logarithms of the respective equivalents. The course of 
the individual curves shows here markedly two different concentration 
regions to be distinguished, namely that of the dilute solutions up 
to tenth -normality and that of the more concentrated solutions. The 
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e. m. f. found for all electrolytes (with the sole exception of potas- 
sium ferrocyanide), in the first region, is nearly identical and the 
remaining deviations sink with dilution into the limits of experimental 
precision. In this region, the cotirse of the curve is nearly linear. In 
the other concentration range (above 0-1 w approx.) the individual 
curves diverge markedly from one another, and one can clearly distin- 
guish between two groups of curves. The first group comprises the 
(1:1) and (2:1) salts and is characterized by smaller deviations from 
the slope of the limiting straight line. The other group comprises all 
other electrolytes with polyvalent anions. The curvature is here very 
great and the curves run finally nearly parallel to the X-axis. Now, 
the region of the dilute solutions indicated above is that where the 
assumptions of the Debye-Hiickel theory are valid. All the ions 
are here separated by large spaces where there are only water mole- 
cules (e. g., for 0 01 n solution, there are in one liter volume 5551/2 
molecules of water for every ion of a salt forming two ionic species). 
The mutual influence of the ions is governed here by simple electro- 
static laws forming the basis of the D.-H. theory. In the more concen- 
trated solutions, the individual properties of the ions enter into play 
leading to interactions that change specitically the properties of the 
electrolyte solutions. 

Table 1. 

Junction solutions according to the valency type. 



Valency type 1:1. 


Normality 

Electrolyte 

c. m. f. inilli volts 

4 

KGl 

4-34 

5 

NcuCl 

~ 7 00 

7-5 

NaNO.^ 

--- 6-90 

10 

NHtNO^ ■ 

- 0*90 

5 

NHtCl 

— 0-70 

3 

KNOs 

— 500 


Valency type 1:2. 


2 

Na^Ot 

22 80 

6 


22-72 

1-2 


23-32 

5 

KfirOt 

24-00 

4 


25-35 

2 


25-49 
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Normality 

Valency type 2:1, 

Electrolyte 

0. in. f. millivolts 

8 

MgCk 

— 15-66 

8 

MnCl^ 

— 12-82 

8 

ZnCl^ 

- 5-26 

8 

CaCk 

— 9-25 

1*5 

Valency type 1:3. 

Na^HPOt 

29-74 

12 

Valency type 3:1. 

FeCk 

— 0-75 

2-72 

Valency type 1:4. 

K,FeCy, 

25-87 

6 

Valency type 2:2. 

ZnSOi 

16-36 

6 

MgSO^ 

17-91 


For better comprehension the results of our measurements are 
tabulated here for the highly concentrated solutions near saturation. 
The salts are classed according to their valency type. The smallest p. d. 
is to be found in the case of 1:1 electrolytes which are, as is well- 
known, the best means for “eliminating^’ the contact potentials. 
The (1:2) salts (sulphates, chromates, oxalates) give much higher 
values and the differences due to individual members of this class 
are small (2—3 millivolts only). In the region of conc^entrated solutions, 
the changes of the e. m. f. with concentration are small. K. g. : potassium 
chromate in the concentration range 0*2 n — 5 n shows a difference with 
concentration of only 3*4 millivolts, whereas ammonium chloride 
under the same conditions gives a difference of 28 millivolts approx. 

The (2 : 2) valency type, in the case of sulphates, leads to lower 
results than the preceding one (1:2), but the influence of the sulphate 
ion is not compensated sufficiently by that of The e. m. f. 

change with concentration is here greater; in the range of 01 to 6 n 
the difference is 26 millivolts. 





The following 2:1 type (8 n solutions of the chlorides of Mg, Mn^ 
Zn, Ca) shows the influence of the bivalent ions prepondering, the 
e. m. f. differences are negative throughout. The curves resemble those 
of the (1:1) type. 

From other valency types we chose the following salts: 

( 1 : 3 ) : Na^PO^, ( 1 : 4 ) : K^FeCy,. ( 3 : 1 ) : FeCl^. 

The first two salts give high positive e. m. f. differences [like the 
(1:2) type]. The third salt gave a very low e. m. f., but the com- 
plicated relationship of the ferric ion to water molecules allows of 
no further discussion. 

From the lesults of our work we think we may deduce this: the 
polyvalent anions of a more or less complicated structure (and con- 
taining mostly oxygen atoms) have a nature essentially different from 
that of polyvalent metallic cations where the higher charge seems to 
be the only feature influencing their behaviour when compared with 
that of univalent cations. One can explain this difference between poly- 
valent anions and polyvalent cations by taking into account that the 
metallic cations are fairly stable in their outer electronic structure 
(of the inert gas nature) and their aptitude to polarize (i. e. to shift 
the centres of forces due to the ionic atmosphere on one side and to 
the nucleus on the other) is rather low (when complicating additional 
causes, such as manifest themselves by the appearance of the absorp- 
tion bands in the rfegion of the visible spectrum, are absent). On the 
other side, the polyvalent anions exhibit easily interreactions of the 
outer electronic shells of their atomic constituents. They are, in general, 
much easier to polarize, especially in the more concentrated solutions 
where there is the influence of closer ionic approach leading to changes 
in the interior arrangement of the charges; the possibility of a defined 
association of the ions is also not to be excluded. 

The electrostatic forces entering into play are enormous but their 
importance was totally overlooked by the classical theory. 

The finei* ionic structure of the diffusion layers, such as appear 
in the realization of the liquid junctions, is too inaccessible for a 
theoretical treatment at the present time, where the theory of con- 
centrated solutions may be said to be in the very first beginnings. 
To accumulate more experimental facts seems to us the most obvious 
task of today. As to the practical side, the uni-univalent electrolytes 
in concentrated solutions and of a nature carefully adapted by a 
preceding study to the individual conditions of the cell investigated 
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fieeme to be the only approach to anything like “elimination*' of the 
liquid junction potentials. 

In this connection, it will be of interest to mention here that 
J. W. McBain and R. C. Williams found quite recently®) that the 
temperature of the bridging solution in the cell: 

UgjHgCU, Njli) KCl (saturated KCl sol.) saturated AY 7, HgCIfHg 

has no effect on the electromotive force between the limits from 
1 to 90® C, the e. m. f. being constantly 0 0K80 0 0002 V. (The 

calomel electrodes were at 25® C.) 

Summary. 

In this paper are discussed the experimental results bearing on the 
influence of the valency type of electrolytes on the magnitude of the 
liquid junction potential differences and published in the preceding 
communication in this Collection, These potentials are a logarithmic* 
function of the concentration of the “bridge*’ electrolyte in the region 
of the validity of the Debye-Htickel theory, whereas in more concen- 
trated solutions (from 01 n upward) the individual character of the 
electrolyte becomes more marked; but, nevertheless, certain regulari- 
ties appear very clearly. Thus, all the polyvalent anions in the salts 
studied by the authors form a class apart in comparison with all the 
univalent anion salts. The polyvalent cations behave not in this manner. 
The characteristic behaviour of these salts with polyvalent anions 
(namely, the small change of the e.m. f. with concentration in the range 
of concentrated solutions) explain the authors by the magnitude of 
the polarisation effect in these complicated atomic and electronic 
structures due to the proximity of other ions, whereas the simpler 
and more stable metallic cations, even when highly cjharged, comport 
themselves here in the corresponding salts with univalent anions like 
the (1:1) electrolytes. 
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